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ABSTRACT 
This study focuses on how the construction of a paleoclimate time series 
influences the interpretation in the frequency domain.  Three time series are examined: a 
New Caledonian coral (Amédée Island), a Chinese speleothem (Dongge Cave), and New 
Mexican trees (El Malpais). 
This study presents a monthly resolved coral Sr/Ca time series from New 
Caledonia that reconstructs sea surface temperature (SST; 1648–1999).  The chronology 
is based on annual density-band counting, cross-correlating coral Sr/Ca, and 230Th dating.  
The intracolony coral Sr/Ca variations are coherent on interannual to centennial time 
scales and are reproducible for >300 years.  The SST reconstruction reveals a cooling 
trend (~0.4ºC) from 1741 to 1815, a colder nineteenth century (~0.6ºC), and a warming 
trend (~0.6ºC) in the twentieth century.  Spectral and wavelet analysis reveals significant 
inter-decadal periodicities (~14–21 years/cycle) that modulate with time, and nearly 
persistent multi-decadal periodicities (~25–33 years/cycle) that do not exhibit coherence 
with the Inter-decadal Pacific Oscillation.  The multi-decadal periodicities may be a 
harmonic of the inter-decadal periodicities or may represent an independent mode not 
previously recognized. 
 vi 
The Dongge Cave time series is based on uneven time intervals between data 
points (∆t) requiring interpolation to a constant ∆t for analysis with traditional spectral 
methods.  A comparison of the even and uneven ∆t spectra using the Lomb-Scargle 
transform reveals the interpolated spectrum contains suppressed periodicities (<20 
years/cycle), in contrast to the uninterpolated spectrum, resulting in a steeper slope in the 
red noise model thus influencing significance testing. 
The El Malpais time series is an average of tree-ring width series in which the 
number of series varies with time.  Spectral analysis of the entire time series identified 
significant periodicities.  However, significance varies between three temporal subsets, in 
which the number of series varies; therefore, these periodicities may be a function of the 
number of series or may represent a real temporal variability.  Cross-spectral analysis of 
the El Malpais and Dongge Cave time series reveals significant coherence; however, 
cross-wavelet analysis, which examines localized frequencies in the time domain, reveals 
a lack of correlation; therefore, coherence in the frequency domain does not indicate 
correlation in the time domain. 
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1 Overview 
Knowledge of climate variability, natural and anthropogenically induced, is 
critical to our understanding of the global climate system in the past, present, and future.  
Interannual- to decadal-scale climate variability impacts society on a time scales that 
coincide with human life times [e.g., Mantua et al., 1997; Goldenberg et al., 2001; 
McCabe et al., 2004] and centennial scale variability has influenced the development and 
decline of different cultures [e.g., Hodell et al., 2001; Wang et al., 2005].  Climatologists 
have defined an “alphabet soup” of different modes of interannual to sub-centennial scale 
climate variability, such as ENSO (El Niño Southern Oscillation), PDO (Pacific inter-
Decadal Oscillation), AMO (Atlantic Multi-decadal Oscillation), and NAO (North 
Atlantic Oscillation).  However, the use of the term “oscillation” for some of these 
climate modes is a misnomer as the length of the instrumental record is insufficient to 
resolve more than one or two oscillations.  Furthermore, the “natural’ climate state has 
been perturbed by anthropogenic disturbances that confounded our understanding of the 
natural climate system as the instrumental records contain the anthropogenic signal.  For 
example, the Atlantic Multi-decadal Oscillation (AMO), which varies ~70 years/cycle 
[Schlesinger and Ramankutty, 1994], has been linked to the recent increase in hurricanes 
[Gray et al., 1997; Landsea et al., 1999; Goldenberg et al., 2001], while others link 
anthropogenic warming to the increase in hurricanes [Emanuel 2005; Webster et al., 
2005; Mann, 2006].  The length of the instrumental record (~130 years) is insufficient to 
evaluate whether or not the AMO is a persistent feature of the climate system.  High-
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resolution climate proxy records that span many centuries can provide insight on sub-
centennial variability in the pre-instrumental period. 
Instrumental records use modern devices to record different climate variables in 
which the precision and accuracy of the instrument is calibrated, tested, and maintained 
on a regular basis.  Similar treatments of climate reconstructions are needed to ensure the 
accuracy and precision of the record.  Great care is taken in the construction of a 
paleoclimate record to ensure the proxy captures the desired climate signal.  The signal 
strength depends on selecting sites sensitive to the desired climate variation and selecting 
proxies recorders that resolve the desired climate variation from the background noise.  
Calibration studies provide an assessment of the precision and accuracy of the 
reconstruction.  Climate reconstructions have the additional requirement of understanding 
how the passage of time is embedded in the record.  Corals, trees, varve sediments, and 
some ice cores have annual bands for incremental time control, whereas other types of 
proxies, such as some cave deposits and sediments without varves, use radiometric dating 
and cross-correlation to establish an age model.  The combination of error in both the 
reconstructed signal and in the age model should be considered when assessing climate 
reconstructions [Jansen et al., 2007], which are typically performed in the time domain 
[e.g., Jones et al., 1998; Jansen et al., 2007]. 
Spectral analysis methods are used to discern periodic signals in a time series by 
transforming the time series to the frequency domain.  Significant periodicities identified 
in the frequency domain may indicate the presence of an oscillation in the climate 
system.  However, each spectral method makes certain assumptions about the character 
of a time series in order to perform the analysis.  For example, methods that used the fast 
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Fourier transform assume the time series is a stationary process and the time interval is 
constant and without error.  For a particular paleoclimate time series, these assumptions 
may not be met; therefore, mathematical treatments are applied to the time series in order 
to perform the spectral analysis.  Any manipulation of the data has the potential of 
altering the interpretation of the time series in the frequency or time domain.  The use of 
multiple spectral methods, which have different assumptions, can be used to assess the 
robustness of any detected significant signals. 
In this dissertation, the author explores and investigates how the construction of a 
paleoclimate time series influences the interpretation of that record in the frequency 
domain.  The main body of this document is composed of two chapters.  The first chapter 
details the construction of a monthly resolved coral Sr/Ca record that is reproduced using 
two intracolony coral cores.  Sea surface temperature variability is reconstructed from the 
final coral Sr/Ca time series and is evaluated for limits of interpretation in the time and 
frequency domains.  The final section of the first chapter details the climate interpretation 
of the coral based reconstruction for sub-centennial climate variability.  The second 
chapter explores two previously published paleoclimate reconstructions (Dongge Cave 
δ18O speleothem record [Wang et al., 2005] and the El Malpais tree-ring index [Grissino-
Mayer, 1996]) in the frequency domain and investigates how the construction of those 
time series influences their respective spectra.  The final section contains a concluding 
summary of the work presented in this dissertation.  Each chapter is treated as an 
independent scientific contribution containing its respective figures and tables.  All 
references are grouped at the end of the dissertation.  Additional figures and tables are 
provided as appendices for completeness.  Data from the New Caledonia SST 
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reconstruction will be archived at the NOAA World Data Center for Paleoclimatology 
after publication in peer-reviewed scientific journals.  Other data sets and software used 
for analyses in this dissertation are available via World Wide Web; respective references 
include access information. 
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2 Sea Surface Temperature Variability in the Southwest Tropical Pacific Since AD 
1648 Derived from Coral Skeletal Sr/Ca 
 
2.1 ABSTRACT 
The southwest tropical Pacific is a region with temporally and spatially sparse sea 
surface temperature (SST) records that limit investigations of climate variability on 
interannual to centennial time scales.  This study presents a monthly-resolved coral Sr/Ca 
time series from Amédée Island, New Caledonia (22º28.5′S, 166º28.0′E) that reconstructs 
SST variability from 1648 to 1999 (all dates are AD).  The coral Sr/Ca record was 
assembled from two 3.4-m long coeval cores from the same massive Porites lutea coral 
colony.  The chronology is based on annual density-band counting, cross-correlating 
coral Sr/Ca, and 230Th dating.  The intracolony coral Sr/Ca variations are coherent on 
interannual to centennial time scales and are reproducible for more than three centuries 
(average monthly misfit error ±0.015 mmol/mol; ~0.28ºC) when the coral is optimally 
sampled.  The SST reconstruction reveals a cooling trend (~0.4ºC) from 1741 to 1815, a 
colder nineteenth century (~0.6ºC), followed by a warming trend (~0.6ºC) in the 
twentieth century.  Spectral and wavelet analysis reveals significant inter-decadal 
periodicities (~14–21 years/cycle) that modulate with time, and nearly persistent multi-
decadal periodicities (~25–33 years/cycle) that do not exhibit coherence with the Pacific 
Decadal Oscillation (PDO) or the Inter-decadal Pacific Oscillation (IPO).  The multi-
decadal periodicities may be a harmonic of the modulating inter-decadal periodicities or 
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may represent an independent mode of climate variability not previously recognized.  
Many of the cold events in the coral Sr/Ca record coincide with large volcanic eruptions 
(e.g., Tambora 1815 and Krakatau 1883).  Wavelet analysis reveals that some 
concentrations of inter-decadal variance coincide with large volcanic eruptions. 
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2.2 Introduction 
Variations in the energy budget of the climate system are predominantly revealed 
in ocean temperatures [Levitus et al., 2005].  The western tropical Pacific serves as a 
warm pool that concentrates thermal energy and redistributes heat to the atmosphere and 
the rest of the ocean.  The spatial extent of western Pacific warm pool (WPWP) is 
sensitive to interannual oscillations associated with El Niño-Southern Oscillation 
(ENSO), a primary source of climate variability [Donguy, 1987].  In past two decades, 
inter-decadal and multi-decadal scale variability has emerged as another important source 
of climate variability, which has been linked to changes in salmon stock [Mantua et al., 
1997], hurricane frequency [Goldenberg et al., 2001], and drought in the southwest 
United States [McCabe et al., 2004].  The societal impacts of climate variability are 
significant and a better understanding of decadal-scale variability is needed.  
Unfortunately, the observational record is temporally limited to the last century and 
spatially limited in remote regions such as the South Pacific.  The advent of infrared 
sensing satellites in 1972 (all dates are Anno Domini (AD) and will be used throughout 
this document) improved coverage for remote areas of the earth, yet the short length of 
the remote sensing record limits analysis to decadal trends. 
Pacific decadal variability (PDV) research has been focused mainly on the North 
Pacific due to greater instrumental coverage compared to the South Pacific.  One mode of 
PDV is the Pacific inter-Decadal Oscillation (PDO) [Mantua et al., 1997] defined as the 
leading Empirical Orthogonal Function (EOF) of monthly sea surface temperature (SST) 
anomalies north of 20ºN.  The spatial pattern of the PDO resembles that of ENSO with 
higher magnitudes in the mid-latitudes than tropics.  The PDO warm phase resembles a 
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long-lived El Niño-like event that persists for 20 to 30 years [Mantua et al., 1997].  EOF 
analysis of SST anomalies in the North and South Pacific have detected a basin-wide 
mode of decadal variability similar to the PDO, the Interdecadal Pacific Oscillation (IPO) 
[Power et al., 1999].  The South Pacific has an unique atmospheric feature, the South 
Pacific Convergence Zone (SPCZ), that varies in location based on the state of ENSO 
and IPO [Folland et al., 2002]. 
In regions with sparse instrumental coverage, proxy records of climate variations 
are can be used to extend the instrumental record temporally and spatially.  Previous 
coral-based SST reconstructions (Sr/Ca and δ18O) in the tropical South Pacific have 
provided windows of past climate variability that revealed significant concentrations of 
decadal variability.  Coral Sr/Ca and δ18O reconstructions from Rarotonga and Fiji (see 
Figure 2.1 for locations) [Linsley et al., 2000; 2004] have revealed significant correlation 
with the PDO and IPO in the twentieth century.  Linsley et al. [2000; 2004] document 
shifts in the SPCZ for the past 400 years that coincide with shifts in the IPO and 
concluded the IPO and PDO are the same basin-wide mode of climate variability.  Quinn 
et al. [1998] noted a significant interdecadal peak (~15 years) in the coral δ18O record 
from New Caledonia; however, this interdecadal variability is not coherent with the PDO, 
the IPO, or the coral Sr/Ca record from Rarotonga [Linsley et al., 2000].  The lack of 
coherence between the IPO and the New Caledonian coral δ18O record is not unexpected 
as the spatial pattern from EOF analysis identified a weak inverse relationship between 
the IPO and New Caledonia [see Figure 1 in Folland et al., 2002].  Furthermore, 
correlation and cross-spectral analyses between the PDO and IPO indices and SST 
extracted for a 1º grid centered over Amédée Island, New Caledonia from the HadISST 
 9 
data base [Rayner et al., 2003], referred to as HadISST_AI for the purposes of this paper, 
did not reveal significant shared coherence.  It is noted here that the EOF analysis that 
defined the PDO and IPO indices are based on interpolated SST data sets such as the 
HadISST [Rayner et al., 2003].  The HadISST is a data product that reconstructs SST 
from in situ measurements and satellite derived estimates using a reduced-space optimal 
interpolation procedure on a 1º grid that interpolates SST spatially from surrounding 
grids when no observations are available [Rayner et al., 2003].  DeLong et al. [2007] 
noted that the actual number of observations in the HadISST_AI 1º grid box centered 
over Amédée Island are few (<10) to none for the period 1900 to 1960 except for (1942–
1946).  Similar results were found to most grid boxes in the South Pacific (with the 
exception of World War II).  The monthly in situ SST record from Amédée Island 
(collected by Institut de Recherche pour le Développement - Etudes Climatiques de 
l’Océan Pacifique tropical (IRD-ECOP) from 1967 to 2004; referred to as IRD_SST) is 
too short to extract inter-decadal variability and perform cross-spectral analysis with the 
PDO and IPO.  Therefore, the lack of coherence between New Caledonia and the PDO 
and IPO may be the result of a lack of observations in the SST data sets.  Paleoclimate 
proxy records can be examined in lieu of instrumental records in order to discern decadal 
variability in the South Pacific. 
Coral δ18O is not a straightforward SST proxy.  Variations in coral δ18O are 
driven by changes in SST and δ18O of seawater, which relates to sea surface salinity 
(SSS).  Therefore, the lack of coherence between the Quinn et al. [1998] coral δ18O time 
series and the PDO and IPO may be the result of the combined influences in the proxy 
record in which changes in SSS through time may alter the fidelity of the coral δ18O 
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thermometer.  The magnitude of this alteration is difficult to assess because SSS time 
series in the tropical oceans are exceedingly rare.  Moreover, SSS variations are unlikely 
to be constant on multi-decadal to multi-centennial time scales, thus the coral δ18O 
paleothermometer may be less reliable on these time scales [Crowley et al., 1999; Juillet-
Leclerc and Schmidt, 2001].  A previous Amédée Island study by Crowley et al. [1999] 
revealed that SST reconstructed from coral δ18O yielded colder temperatures than a 
gridded SST record in the early twentieth century (1900–1910) although the coral δ18O 
agreed with SST in the latter twentieth century.  This result suggests the SSS component 
of coral δ18O may vary with time.  Coral Sr/Ca holds promise to rectify the situation 
[Jones and Mann, 2004].  The Sr/Ca in coral skeletal material varies inversely with SST 
assuming Sr/Ca in seawater is invariant on the centennial to monthly time scales [Weber, 
1973; Smith et al., 1979; Beck et al., 1992].  Previous studies of New Caledonia coral 
records have demonstrated the fidelity of the coral Sr/Ca as a SST proxy throughout the 
instrumental period [Quinn and Sampson, 2002; Stephans et al., 2004; DeLong et al., 
2007]. 
This study reconstructs SST from coral Sr/Ca for the past 351 years and provides 
a paleoclimate record capable of resolving centennial to interannual SST variability in the 
southwest tropical Pacific.  SST is reconstructed from the monthly-resolved coral Sr/Ca 
variations from two cores (92-PAA1 and 92-PAA2) from the same massive coral colony 
for the period 1648 to 1999.  The core 92-PAA1 has been extensively described in 
previous studies [Quinn et al., 1996; Crowley et al., 1997; Quinn et al., 1998; Crowley et 
al., 1999; Corrège et al., 2000; Corrège et al., 2001; Quinn and Sampson, 2002; 
Stephans et al., 2004; DeLong et al., 2007] and has sampled with monthly resolution for 
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this study.  The core 92-PAA2 was sampled with monthly resolution and the results are 
presented here for the first time.  In this study, the coral Sr/Ca reconstruction of SST will 
be assessed for reproducibility in the time and frequency domain, examined for 
significant periodicities, compared to other coral Sr/Ca based SST reconstructions in the 
southwest Pacific, and assessed for coherence with the PDO and IPO indices. 
 
2.3 Methods 
The Porites lutea colony sampled in this study (PAA) is located in <3 m of water 
within the Boulari Pass, which is adjacent to Amédée Island, New Caledonia (22.48ºS, 
166.47ºE; Figure 2.1) [Quinn et al., 1996].  The cores (92-PAA1 and 92-PAA2) were 
recovered in July 1992 from the same massive coral colony (PAA).  The coral Sr/Ca time 
series from the twentieth century section of these cores was previously reported by 
DeLong et al. [2007] and this study followed the same micro-sampling procedures.  This 
study sampled the core 92-PAA1 parallel to the path used in previous studies [Quinn et 
al., 1996] and additional paths were sampled as needed (Appendix A).  Sample powders 
were collected every 0.70 mm (92-PAA1) and 0.83 mm (92-PAA2) for approximately 
monthly resolution (~15 samples/year and ~12 samples/year, respectively); the average 
linear extension for both cores is 1.0 cm per year. 
Elemental ratio (Sr/Ca) were analyzed using a PerkinElmer Optima 4300 Dual 
View Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) at the 
University of South Florida using the drift correction method described by Schrag 
[1999].  Coral powder samples (90–236 µg) were diluted in a volume of 2% trace metal 
grade HNO3 to obtain a target sample solution having ~20 ppm calcium.  The overall 
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Figure 2.1 Correlation Map of Monthly SST Anomalies for Amédée Island, New 
Caledonia. 
New Caledonia is located in the southwest tropical Pacific Ocean in the Coral Sea and 
south of the Western Pacific Warm Pool (WPWP).  Correlation computed between 
monthly SST anomalies from a 1º grid centered New Caledonia (22.5ºS, 166.5ºE) and 1º 
gridded SST anomalies for the rest of the ocean using the Optimum Interpolation Sea 
Surface Temperature Analysis (OISST) data product [Reynolds et al., 2002] for the 
period 1981 to 2008.  The OISST includes satellite data that provides spatial coverage for 
the entire ocean, thus allowing a correlation analysis based on actual measurements.  
Correlations >0.2 or <–0.2 are significant at the 95% confidence level (heavy black line); 
degrees of freedom adjusted for autocorrelation.  Black dots mark location of other coral 
Sr/Ca based SST reconstructions in the southwest Pacific: Great Barrier Reef (GBR; 
18.5ºS, 146.5ºE), Flinders Reef (17.5ºS, 148.3ºE), Fiji (16.5ºS, 179.5ºE), and Rarotonga 
(21.0ºS, 159.5ºW).  The gray line marks the axis of maxima summer precipitation 
(November to April) associated with the SPCZ; data from NOAA Climate Prediction 
Center Merged Analysis of Precipitation (CMAP) [Xie and Arkin, 1997] for the period 
from 1981 to 2006.  The locations of study sites discussed in section 3 are marked with 
black dots: Dongge Cave (25.3ºN, 108.1ºE) and El Malpais (108ºW, 35ºN). 
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analytical precision of the laboratory internal gravimetric standard (IGS) used for the drift 
correction was ±0.010 mmol/mol (1σ; n = 2545) based on determinations before and after 
each sample.  An additional estimate of precision was determined using a homogenized 
powder from a Porites lutea (PL) coral that was analyzed every fifth sample (±0.018 
mmol/mol, 1σ, n = 3343).  The absolute value of the Sr/Ca for the IGS (8.741 mmol/mol) 
and PL coral standard (8.923 mmol/mol) has been confirmed by thermal ionization mass 
spectrometry at the University of Minnesota Isotope Laboratory.  
The master chronology for PAA was established by cross dating the cores 
following the method used by DeLong et al. [2007], which are summarized here.  The 
sub-annual oscillations in monthly coral Sr/Ca variations correspond to the annual 
density bands visible in X radiographs (Appendix A) thus represent annual SST 
variations [Schneider and Smith, 1982; DeLong et al., 2007].  The conversion from depth 
domain (cm from core top) to time domain was achieved by matching coral Sr/Ca 
maxima (minima) to SST minima (maxima) using AnalySeries software [Paillard et al., 
1996]; the Sr/Ca age model was applied to the isotopic records.  The conversion to time 
domain used a monthly SST time series composed of in situ SST from IRD-ECOP 
(referred to IRD_SST) for 1967 to 1999, gridded SST from HadISST_AI for the 
instrumental period (1870–1967), and a time series of the monthly SST climatology for 
the pre-instrumental period (1648–1869).  In order to maximize alignment between the 
coral Sr/Ca and SST records, additional tie points were utilized to for mid-spring and 
mid-autumn.  Each core section was converted to the time domain separately using the 
age determined by annual density band counting as the initial time marker.  The initial 
conversion of the coral Sr/Ca and isotopic records to the time domain resulted in uneven 
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time steps; therefore, each core section was linearly interpolated to even monthly time 
intervals.  The age model from depth to time was used to estimate annual linear 
extension.  The chronology for each individual core was first established by counting the 
annual cycles in the coral Sr/Ca records.  After the individual chronologies were 
established, the coral Sr/Ca variations were cross-correlated between the cores with 
adjustments for core breaks and discontinuities to maximize correlation between the 
cores [DeLong et al., 2007].  The cross-correlated coral Sr/Ca chronologies were 
crosschecked against the annual density bands in the X radiographs.  The age for 11 
samples, extracted from a single annual density band (Appendix A), was determined by 
high precision 230Th dating performed in the High-precision Mass Spectrometry and 
Environment Change Laboratory (HISPEC) of the Department of Geosciences, National 
Taiwan University (NTU) using the methods from Shen et al. [2008].  Age corrections 
were determined using an estimated 230Th/232Th atomic ratio (6.50 x 10-6 ±1.0 x 10-6; 
Appendix B). 
 
2.4 Results 
A replication study of coral Sr/Ca was conducted between two 3.4-m long cores 
(92-PAA1 and 92-PAA2) from the same massive coral colony (PAA) for the period 1648 
to 1992; an additional core (99-PAA) was used to extend the record to 1999 [Stephans et 
al., 2004; DeLong et al., 2007].  The fidelity of the coral records from New Caledonia 
was confirmed by examining the coral samples for evidence of alteration, estimating 
annual extension rates, and cross dating the coral records.  Examination of scanning 
electron microscope images (SEM) and petrographic thin sections of 92-PAA1 and 92-
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PAA2 found no evidence of secondary minerals (Appendix A).  The estimated annual 
linear extension averaged 1.0 cm/year in both cores with a minimum of 0.49 cm/year.  
The results presented include 1) the reproducibility of coral Sr/Ca records for three 
centuries, 2) the master PAA age model, and 3) the coral Sr/Ca–SST reconstruction for 
the southwest tropical Pacific. 
This study expands on the previous twentieth century replication study [DeLong 
et al., 2007] by examining the replication of coral Sr/Ca for more than three centuries.  
The mean and standard deviation of the monthly intracolony coral Sr/Ca variations are 
not significantly different (9.200 ± 0.103 mmol/mol, 92-PAA1; 9.201 ± 0.101 mmol/mol, 
92-PAA2; Table 2.1 and Figure 2.2).  The coral Sr/Ca monthly variations, monthly 
anomalies, annual averages, and 24-month low pass filtered monthly anomalies are 
significantly correlated (r = 0.94, 0.52, 0.67, and 0.68, respectively, p < 0.05, Table 2.2; 
Figure 2.2).  The average of the absolute differences (avgabs) between coral Sr/Ca 
determinations (0.029 ± 0.022 mmol/mol, 1σ, monthly; 0.019 ± 0.013 mmol/mol, 1σ, 
annual average) is <2σ of the magnitude of analytical precision (±0.019 mmol/mol, 2σ, or 
magnitude of 0.038 mmol/mol) similar to the avgabs observed in the twentieth century 
replication study [DeLong et al., 2007].  The average of the absolute misfit errors 
between the 24-month filtered records 92-PAA1 and 92-PAA2 for each month (±0.015 
mmol/mol, 1σ) is within 2σ of the analytical precision of the coral Sr/Ca determinations 
(±0.019 mmol/mol), which equates to ~0.28ºC (Figure 2.2d).  The misfit error cannot be 
determined for sections with only one record; therefore, these sections should not be 
considered error free. 
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Figure 2.2 Intracolony Coral Sr/Ca Reproducibility. 
(a) Number of paths sampled for each core.  (b) Monthly intracolony coral Sr/Ca 
anomalies determine with respect to 1967 to 1992 climatology (vertical gray box).  The 
master PAA record is the average of the intracolony records (99-PAA, 92-PAA1, and 92-
PAA2).  Records smoothed with a 24-month low pass finite impulse response (FIR) filter 
(90% pass at 40 months) shown with heavy lines.  Correlation between cores is 
significant (r = 0.52, 0.68 for monthly and filtered anomalies respectively, p <0.05, n = 
3554).  (c) Same as (b) but only the filtered coral Sr/Ca anomalies.  Error bar denotes 
analytical precision (2σ).  (d) The absolute misfit error between the 24-month filtered 
records (misfit error (mmol/mol) = | difference | / 21/2).  The gray dashed line is the 
average of the monthly absolute misfit errors (±0.015 mmol/mol, 1σ).  The misfit error 
cannot be determined for periods with only one record.  Yellow boxes indicate 230Th 
dates with error bars (Appendix B). 
 
 
Table 2.1 Monthly Coral Sr/Ca Determinations for 1648 to 1999a. 
 99-PAA 92-PAA1 92-PAA2 Master PAAb Coral Sr/Ca–SSTd 
Average 9.166 9.200 9.201 9.199 23.19 
Median 9.163 9.202 9.201 9.201 23.16 
Standard deviation 0.098 0.103 0.101 0.100 1.86 
Maximum 9.365 9.442 9.464 9.453 28.53 
Minimum 8.911 8.930 8.900 8.911 18.48 
nc 414 3753 3938 4223 4223 
a Coral Sr/Ca values are given in mmol/mol. 
b Master PAA is the average 99-PAA, 92-PAA1, and 92-PAA2. 
c Number of observations for each series; each series spans a different period: 1965–1999 
for 99-PAA; 1666–1992 for 92-PAA1; and 1648–1992 for 92-PAA2. 
d Coral Sr/Ca to SST transfer function from DeLong et al. [2007]. 
 
 
Table 2.2 Correlations between Coral Sr/Ca Variations. 
 92-PAA1 and  
92-PAA2 
92-PAA1 and 
Master PAAb 
92-PAA2 and 
Master PAA 
Monthly 0.94 0.99 0.98 
Monthly anomaliesc 0.52 0.87 0.88 
Mean annuald 0.67 0.90 0.92 
24-month filterede 0.68 0.91 0.92 
a Correlation determined for the common period 1666–1992; all correlations are 
significant (p < 0.05, n = 3913). 
b Master PAA is the average 99-PAA, 92-PAA1, and 92-PAA2. 
c Monthly anomalies are calculated with respect to climatology for 1967–1992. 
d Mean annual averages determined for climatological year (April–March; n = 285). 
e Monthly anomalies filtered with a 24-month low pass finite impulse response (FIR) 
filter (90% pass at 40 months; n = 3895). 
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Cross dating of the two long PAA cores is one of the objectives of this replication 
study.  The original chronology was established with a single core (92-PAA1) by Quinn 
et al. [1998].  A second core (92-PAA2) was sampled to address the possibility of 
missing years in core breaks and verify the coral geochemical record in the first core.  
The high agreement between the cores attests to fidelity of the cross dating (Figure 2.2).  
No missing years were found for core sections where the slabs fit together (e.g., 92-
PAA1-F1 and 92-PAA1-F2; Appendix A).  Core sections, without a tight fit, averaged ~2 
months missing; additional paths were sampled to fill-in gaps where possible (e.g., 92-
PAA2-C and 92-PAA2-D).  Core breaks with evidence of grinding between core sections 
averaged ~18 months missing for 92-PAA1 and 92-PAA2 when no additional paths could 
be sampled to fill in the gap (e.g., 92-PAA1-O and 92-PAA2-L).  Larger gaps (3–9 years) 
occur in sections with disorganized corallites without visible annual density bands (e.g., 
92-PAA2-L).  The new chronology resulted in a new bottom date for the core 92-PAA1 
of 1666, a 9-year difference compared to the Quinn et al. [1998] chronology; the major 
adjustment occurred in the section from 1720 to 1755, which had bioerosion incursions.  
The bottom date for the core 92-PAA2 is 1648 (Figure 2.2).  The two-core coverage is 
consistent back to 1728; prior to 1728, gaps of 3 to 9 years occur between the cores 
resulting in a staggering of the cores 92-PAA1 and 92-PAA2 (Figure 2.2a).  High 
precision 230Th dates for eleven samples from the core 92-PAA1 agree within analytical 
error to the cross-dated coral Sr/Ca chronology (Figure 2.3; Appendix B). 
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Figure 2.3 Cross-Dated Coral Sr/Ca and Density Band Age Versus 230Th Age. 
Cross dating of the two intracolony cores (92-PAA1 and 92-PAA2) was completed by 
matching coral Sr/Ca variations and verified against annual density bands in X 
radiographs.  The 230Th coral samples were cut from approximately one annual density 
band along the core edge (Appendix A).  Coral Sr/Ca and annual density band error was 
estimated for each sample by examining X radiographs and estimating the inclusive years 
in the sample (i.e., sample contains ~1 ± 0.5 year).  230Th values shown with analytical 
error bars (2σ; Appendix B). 
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The coral Sr/Ca variations were converted to SST with the transfer equation 
previously determined for Amédée Island from in situ SST (IRD_SST) and coral Sr/Ca 
variations, which includes both cores (92-PAA1 and 92-PAA2) used in this study 
[DeLong et al., 2007] (Figure 2.4). 
 
SST(ºC) = 193.59(±1.70, 2σ) – Sr/Ca(18.524(±0.185, 2σ))  (1) 
 
The coral Sr/Ca–SST variations share coherence with HadISST_AI back to 1870; 
however, the coral record exhibits stronger decadal-scale variations and stronger cooling 
after the Krakatau eruption in 1883 (Figure 2.4).  The monthly coral Sr/Ca–SST has a 
mean of 23.19ºC with a standard deviation of ±1.86ºC, which is within the observed 
instrumental variation (±1.81ºC).  The reconstructed monthly coral Sr/Ca–SST range 
(18.5ºC–28.5ºC) is within the thermal range of corals [Veron, 2000].  The coral Sr/Ca–
SST reconstruction reveals centennial-scale variations with a warming trend into the 
twentieth century after ~1885.  The nineteenth century is the coldest century in the record 
(~0.6ºC with respect to 1967–1992).  The eighteenth century is slightly warmer than the 
nineteenth century.  The seventeenth century has periods as warm as the late twentieth 
century; however, the seventeenth century has a lower number of records thus lower 
confidence (Figure 2.4).  The record has several anomalous events (e.g., 1775–1785, 
1805–1810, 1855, and early 1880’s) that were tested by sampling additional paths (Figure 
2.2).  The warm event from 1805 to 1810 was reproduced in two optimal paths on 92-
PAA1; however, no suitable path was found on 92-PAA2 to test the warm event (Figure 
2.2) from 1805 to 1810. 
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Figure 2.4 SST Reconstruction from Coral Sr/Ca Determinations. 
Monthly SST from coral Sr/Ca shown as anomalies with respect to 1967–1992 
climatology (vertical gray box).  Monthly coral SST determined for the master PAA coral 
Sr/Ca variations using the transfer function based on the five-core calibration for New 
Caledonia [DeLong et al., 2007], which calibrated coral Sr/Ca with IRD_SST and 
verified against HadISST_AI.  Records smoothed with a 48-month low pass FIR filter 
(90% pass at 81 months).  Red triangles along the time axis indicate large volcanic 
eruptions (Tambora 1815, Krakatau 1883, Santa Maria 1902, Agung 1963, and Pinatubo 
1991) with Volcanic Explosivity Index (VEI) [Simkin and Siebert, 1994]. 
 
 
2.5 Discussion 
This study generated a coral Sr/Ca record from two intracolony cores for the 
period 1648 to 1999 that reconstructs SST variability in the waters surrounding New 
Caledonia.  The coral Sr/Ca record is discussed further regarding (section 2.5.1) sampling 
methods needed for reproducing coral Sr/Ca, (section 2.5.2) the fidelity of the SST 
reconstruction from coral Sr/Ca, (section 2.5.3) centennial scale SST variability, and 
(section 2.5.4) interannual to multi-decadal scale SST variability. 
 
2.5.1 Sampling and Reproducibility 
Coral-based climate reconstructions are typically based on the geochemical 
variations from a single core largely because of concerns regarding coral conservation, 
analytical expense, and time constraints [DeLong et al., 2007]. The coral Sr/Ca studies 
that include some replication have primarily focused on climate signal verification in the 
instrumental period with sub annual resolution [e.g., Alibert and McCulloch, 1997; Felis 
et al., 2003; Stephans et al., 2004; DeLong et al., 2007] or on longer timescales with 
pentannual to annual resolution [e.g., Hendy et al., 2002; Linsley et al., 2006 
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respectively].  This study builds upon the previous study for the twentieth century and 
produces the first monthly resolved coral Sr/Ca record that spans 351 years in which the 
intracolony coral Sr/Ca variations are reproducible within analytical precision. 
The success of replication depends on using a consistent sampling method that 
follows the central axis of the extending corallite lobe where the corallite orientation is 
parallel to the sampling path [Alibert and McCulloch, 1997; DeLong et al., 2007].  In the 
twentieth century replication study [DeLong et al., 2007], a section from 1960 to 1966 for 
92-PAA1 had lower coral Sr/Ca values than coeval intracolony and intercolony coral 
Sr/Ca records.  Inspection of the coral slab revealed suboptimal corallite orientation, 
where corallites transect the sampling plane, although density bands were discernible on 
the X radiographs (Appendices A, C, and D).  A path on the opposing side of the coral 
slab (92-PAA1-B) had optimal corallite orientation.  The coral Sr/Ca values for samples 
extracted from this path were within analytical precision of the coeval coral Sr/Ca 
determinations from the intercolony and intracolony cores resulting in the replacement of 
the original sampling path [DeLong et al., 2007].  Following the findings of the previous 
study, the sampling paths on 92-PAA2 were selected by 1) examining X radiographs for 
a central axis of the extending corallite lobe, and 2) examining the coral surface under 
magnification to verify corallite orientation parallel to the coral surface.  Paths were 
abandoned and shifted to neighboring lobes when corallite orientation became 
suboptimal.  DeLong et al. [2007] demonstrated that geochemical values determined 
from samples extracted from parallel paths with optimal corallite orientation were within 
analytical precision; paths were overlapped by 2 to 3 years when possible to fortify this 
conclusion. 
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This coral Sr/Ca study was originally intended to complement the Quinn et al. 
[1998] stable isotopic record for 92-PAA1 by sampling a path parallel to that used for 
stable isotopic sampling (Appendix A).  A comparison of the intracolony coral Sr/Ca 
variations revealed disagreements between some sections of the cores (Appendix C), 
wherein further examination found suboptimal corallite orientation with respect to the 
sampling path (e.g., 1723–1731 and 1742–1749 for 92-PAA1).  The coral slabs were 
examined for alternate sampling paths with optimal corallite orientation (Appendix A) 
then new samples were analyzed and compared to coeval coral Sr/Ca; the determinations 
agreed within analytical precision (Figure 2.2).  Portions of the cores where no optimal 
paths could be identified were excluded from the final coral Sr/Ca record (for 92-PAA1: 
1665–1666, 1723–1728, and 1870–1872; for 92-PAA2: 1804–1807; cf., Figure 2.2 and 
Appendix C); these periods represent gaps in the respective individual coral Sr/Ca 
records. 
The suboptimal sections fall into two categories, those with 1) disorganized 
corallites and 2) corallites that transect the sampling path in the depth direction 
(Appendices C and D).  Core sections with disorganized corallites tend to have higher 
coral Sr/Ca values (i.e., colder) than optimal coeval paths, unclear or indistinct density 
banding, and shorter length along sampling path for an apparent annual cycle (e.g., 1722–
1728 for 92-PAA1; Appendices A and C).  Core sections with disorganized corallites 
tend to occur near bioerosion incursions (e.g., 92-PAA1-F1, 92-PAA1-J, 92-PAA1-I, and 
92-PAA1-H), in troughs or merging corallite lobes (e.g., 1772–1778 for 92-PAA2-H), 
where corallite lobes terminate (e.g., 1685–1689 for 92-PAA2-L), or where corallite 
extension direction is unclear (e.g., 1773–1777 for 92-PAA1-L and 92-PAA1-I).  
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Sections with corallites that transect the sampling path in the depth direction (i.e., z-
plane; Appendices C and D) tend to have lower coral Sr/Ca values (i.e., warmer) than 
coeval optimal paths (e.g., 1800–1807 on 92-PAA2-G; Appendix C).  The X radiographs 
may display large annual density bands (e.g., bottom of 92-PAA1-O and 92-PAA2-H) or 
corallites in plan view (e.g., 1907–1910 on 92-PAA1-D and bottom of 92-PAA1-K) 
when the corallites transect the sampling plane [Lough and Barnes, 1990].  The shift to 
lower coral Sr/Ca (i.e., warmer) values occurs as the angle increases to perpendicular to 
the sampling path in the depth direction (e.g., 1907–1910 on 92-PAA1-D and bottom of 
92-PAA1-K).  This shift can be explained by failing to capture winter deposition (low 
extension rate), while still capturing summer deposition (fast extension rate) along the 
corallite lobe (Appendix D).  The description of coral growth for Porites spp. by Darke 
and Barnes [1993] supports these observations. Porites coral polyps grow in a fan shape 
in massive colonies with new corallites starting on the top of the fan and growing upward 
and outward into valleys (Appendix D).  Valleys between corallite fans are the result of 
corallite growth becoming occluded and ceasing [Darke and Barnes, 1993]; thus a higher 
coral Sr/Ca (i.e. winter deposition) and no summer growth occurs in the valleys. 
The kinetic vital effect in coral geochemistry is described as an offset from 
equilibrium for fast growing corals [McConnaughey, 1989].  Lower extension rates may 
result in higher coral Sr/Ca values (i.e., colder temperatures) [de Villiers et al., 1994; 
1995], whereas faster growth rates tend to result in a constant offset.  The length for each 
annual coral Sr/Ca cycle determined from sampling depth approximates the linear 
extension rate if the corallites are oriented parallel to the sampling plane; deviations may 
produce erroneous extension rates.  The length of the coral Sr/Ca year averaged 1.0 cm 
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with a minimum of 0.49 cm for both optimally sampled coral Sr/Ca records.  An 
examination of optimally sampled sections, with one path or both paths exhibiting lower 
estimated annual extension (0.49–0.70 cm) than the coeval paths, found insignificant 
offsets between coral Sr/Ca variations; thus no indication of a vital effect on coral Sr/Ca 
in response to slower extension rate.  The length for each annual coral Sr/Ca cycle can be 
monitored for indications of a problematic corallite orientation; however, the length for 
each annual cycle should not be interpreted as low extension rate unless the corallites are 
oriented parallel to the sampling plane (Appendix C).  When the corallite alignment is not 
parallel to the X radiograph plane, linear extension rate cannot be determined reliably 
from measuring the width of the annual density bands in a X radiograph, especially for 
Porites spp. which have a small corallite diameter [Lough and Barnes, 1990].  Reports 
citing vital effects related to linear extension rates should note how the extension was 
determined and confirm parallel corallite orientation to the sampling path; sampling 
corallites with suboptimal orientation to the sampling path will produce erroneous results.  
The existence of a growth-related vital effect on coral geochemistry is not discounted by 
these findings; merely, the existence cannot be determined from the record because the 
low length of an annual coral Sr/Ca cycle can be attributed to suboptimal corallite 
orientation that does not approximate linear annual extension. 
DeLong et al. [2007] concluded that coral δ18O, δ13C and Mg/Ca were not 
influenced by suboptimal corallite orientation for the period 1960 to 1966 (see Figure 5 
DeLong et al. [2007]).  Preliminary results that compare of coeval coral δ18O 
determinations from other suboptimal sections identified in this study reveal this may not 
be true for all suboptimal sections (e.g., 1732–1743; Appendix E).  Analyses are in 
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progress to test and/or replace coral δ18O in suboptimal sections determined in the coral 
Sr/Ca record. 
 
2.5.2 SST Reconstruction from Coral Sr/Ca 
The fidelity of the coral Sr/Ca–SST record prior to the instrumental period can be 
assessed by examination of the absolute value and seasonal range of reconstructed SST 
variations and of the goodness of fit between coeval time series.  The minimum and 
maximum monthly coral Sr/Ca–SST variations (18.48–28.53ºC; Table 2.1) are within the 
thermal range for scleractinian corals (18–30ºC) [Veron, 2000] for three centuries in two 
coeval coral records.  The magnitude of the seasonal coral Sr/Ca–SST cycle (±2.66ºC for 
1648–1999), when corallites are optimally sampled, is consistent with the seasonal cycle 
observed in IRD_SST (±2.37ºC for 1965–1999).  The two monthly resolved coral Sr/Ca 
time series are significantly correlated on several time scales (monthly, r = 0.94; mean 
annual, r = 0.67; anomaly space, r = 0.52; p < 0.05).  These two time series are coherent 
in the frequency domain on centennial (~100 years), multi-decadal (~12–30 years), and 
interannual (~5–10 years) periodicities.  The strong agreement of coral Sr/Ca variations 
with SST in the instrumental period [Quinn and Sampson, 2002; Stephans et al., 2004; 
DeLong et al., 2007] and the reproducibility of monthly coral Sr/Ca time series for more 
than three centuries provides evidence that the coral Sr/Ca paleothermometer for New 
Caledonia is robust on multiple time scales (Figure 2.4). 
The coral proxy record constructed in this study represents monthly SST 
variability for a single location.  The utility of this reconstruction increases when the 
regional significance can be demonstrated for a larger region such as the Pacific basin.  
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Correlation maps can be used to examine regional significance in which a map of 
monthly SST anomalies for a single location is correlated with monthly SST anomalies 
over a larger region.  For this study, a correlation map of monthly SST anomalies was 
constructed for a 1º grid box centered on Amédée Island correlated with a global grid of 
SST from the Optimum Interpolation Sea Surface Temperature Analysis (OISST) 
[Reynolds et al., 2002] (Figure 2.1).  The OISST was selected because this data set 
includes satellite estimates of SST that increase the coverage in the observation-sparse 
South Pacific thus allowing an assessment of regional significance.  The correlation map 
for Amédée Island reveals a significant correlation for the Coral Sea and the southwest 
tropical Pacific southeast of the SPCZ region (Figure 2.1).  Lower but significant 
correlations are found with the WPWP and northwest tropical Pacific.  Significant anti-
correlation is evident with the central equatorial Pacific expanding northeastward to Baja 
California and expanding southeastward towards Chile.  The correlation pattern shares 
some resemblance to the ENSO and PDO response pattern in the Pacific except for the 
lack of correlation with the eastern equatorial Pacific. 
Several notable cold events occur in the coral Sr/Ca–SST reconstruction for New 
Caledonia (Figure 2.4) that may be related to volcanic eruptions as previously discussed 
by Crowley et al. [1997] for Amédée Island coral δ18O.  Two of the coldest events in the 
reconstruction coincide with large explosive volcanic eruptions associated with global 
cooling (volcanic explosive index (VEI) > 6) [Simkin and Siebert, 1994]: Tambora, 
Indonesia (1815) and Krakatau, Indonesia (1883).  Other cold events that coincide with 
recorded volcanic events include Pinatubo, Philippines (1991); Agung, Indonesia (1963); 
and Santa Maria, Guatemala (1902) [Simkin and Siebert, 1994].  The large cooling events 
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from 1679 to 1683 and 1700 to 1704 are five years ahead of globally significant volcanic 
events recorded in ice cores as volcanic aerosols (VAI) [Crowley, 2000].  These offsets 
may be real or the result of chronology errors in either the coral or ice cores records; this 
early section of the coral record is not fully covered by both cores used in the 
reconstruction.  The cold event that spans 1852 to 1857 (Figure 2.4), which is the coldest 
in the reconstruction (~2ºC), does not correspond to any known explosive volcanic 
eruptions (VEI > 4).  This cold event is present in both cores and confirmed by three 
optimally sampled paths (Figure 2.2a); thus, it appears to be robust.  A similar cold event 
with less magnitude appears in the seasonal coral δ18O record [Quinn et al., 1998] 
(Appendix E).  There are three volcanic events that may be related to the 1852 to 1857 
cooling event: Shiveluch, Russia (1854; VEI = 5?) [Simkin and Siebert, 1994], Cotopaxi, 
Ecuador (1855–1856; dust veil index (DVI) = 700) [Lamb, 1970; Sato et al., 1993], and 
Taranaki (also known as Egmont), New Zealand (1854–?, VEI = ?).  Contemporary 
cooling events with less magnitude are present in coral Sr/Ca–SST reconstructions from 
Fiji [Linsley et al., 2004] and Flinders Reef in the Coral Sea [Calvo et al., 2007] (Figure 
2.5 and 2.6) and in a WPWP reconstruction [D'Arrigo et al., 2006].  However, a cooling 
event does not appear in the coral Sr/Ca record from Rarotonga [Linsley et al., 2000] 
(Figure 2.5).  If the Shiveluch or Cotopaxi eruptions were globally significant, they 
should appear in the neighboring coral reconstructions with a similar magnitude.  Tree 
ring records from New Zealand and Tasmania [Cook et al., 2000; Xiong and Palmer, 
2000] contain a cooling event from 1852 to 1858, which coincides with the observed 
cooling event in the New Caledonia coral Sr/Ca–SST record, thus supports the Taranaki 
eruption as the source of a regional cooling event in 1852 to 1858.  An El Niño event is 
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an alternative explanation for the 1852 to 1857 cold anomaly given that New Caledonia 
experiences colder temperatures and drought conditions during El Niño events [Morliere 
and Rebert, 1986].  The ENSO SST signal in New Caledonia is relatively weak (20–30% 
of the seasonal signal (±2.37ºC)) [Delcroix and Lenormand, 1997] and only a moderate 
El Niño occurs in 1854 and 1857 to 1858 [Quinn and Neal, 1992].  The 1854 to 1857 
cooling event starts prior to the 1854 El Niño event and a warming trend occurs from 
1857 to 1858 during a moderate El Niño.  The evidence does not support either a globally 
significant volcanic event or El Niño event as the forcing function for the 1854 to 1857 
cold event recorded in the coral Sr/Ca record; therefore, this event may be the result of a 
local or regional fluctuation. 
A significant warming event (~0.8ºC) occurs from 1803 to 1808 punctuates a 
cooling trend (~1.3ºC) from 1771 to 1817 (Figure 2.4).  This event was not reproduced in 
92-PAA2 due to the convoluted corallite structure in this section; nevertheless, three 
paths were sampled on 92-PAA1, two with optimal corallite alignment, to verify the 
warm anomaly (Appendix A).  This warm event is evident in the mean annual 
reconstruction from Fiji (~0.9ºC) [Linsley et al., 2004] and the pentannually resolved 
reconstruction from Great Barrier Reef (~0.4ºC) [Hendy et al., 2002] (Figures 2.5 and 
2.6).  This event is judged to be robust based on path replication within a single core and 
agreement with other regional coral Sr/Ca records. 
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Figure 2.5 SST Anomalies from Coral Sr/Ca Records in the South Pacific. 
(a) Mean annual (January to December) coral Sr/Ca SST shown as departures from the 
1961 to 1990 mean (vertical gray box).  The records include (b) Rarotonga [Linsley et 
al., 2000], (c) Fiji [Linsley et al., 2004], and (d) New Caledonia.  Records smoothed 
with a 10-year low pass FIR filter (90% pass at 12 years).  All three monthly coral 
Sr/Ca SST records were calibrated using method described by DeLong et al. [2007].  
The correlation between mean annual coral Sr/Ca for New Caledonia and Fiji is 
significant (r = 0.53, p < 0.05, n = 216).  Fiji and New Caledonia are cooler in the 
eighteenth and nineteenth century, whereas Rarotonga is warmer.  The twentieth 
century warming trend (~0.6 ºC) is evident in all three records. 
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Figure 2.6 Coral Sea Pentannually Resolved Coral Sr/Ca-SST Reconstructions. 
(a) Pentannually resolved records from Great Barrier Reef (GBR) [Hendy et al., 2002], 
Flinders Reef [Calvo et al., 2007], and New Caledonia (this study; see Figure 2.1 for 
locations) shown as departures from the 1961 to 1990 mean (vertical gray box).  The 
monthly coral Sr/Ca SST reconstruction for New Caledonia was similarly averaged to 
match the 5-year bulk sampling used in the studies for GBR and Flinders Reef.  The 
correlation coefficient between GBR and the other Coral Sea records is insignificant, 
whereas the correlation between Flinders Reef and New Caledonia is significant (r = 
0.37, p < 0.05, n = 57).  (b) Running correlation between pentannually coral Sr/Ca SST 
reconstructions (n = 15) where r > 0.48 are significant at 95% level (shaded areas 
insignificant).  The multi-decadal variability in the Flinders Reef is not coherent with the 
New Caledonia and GBR records, whereas the GBR and New Caledonia are coherent 
from 1775 to 1880 and the late twentieth century.  The Flinders Reef and New Caledonia 
records share the same low frequency variability in cooler nineteenth century and warmer 
eighteenth century whereas the GBR record is warm during this period.  The twentieth 
century warming trend is evident in all three records. 
 
 
2.5.3 Centennial-Scale SST Variability 
Variations in tree-ring width are widely used as a paleoclimate proxy; yet, 
growth-related effects on ring width limit the interpretation of frequencies close to the 
tree’s age, such as centennial variability.  Such an ontogenetic growth-related effect has 
not been demonstrated for massive corals; therefore, long-live coral colonies should be 
capable of recovering centennial scale variability.  Some authors have proposed that the 
coral δ18O thermometer may not be stationary through time, which, if true, might call into 
question coral δ18O reconstructions of centennial to interannual scale variability [e.g., 
Jones and Mann, 2004].  This study demonstrates that the coral Sr/Ca–SST thermometer 
appears to be stationary with respect to SST.  Therefore, the monthly resolved, replicated, 
and cross-dated record of coral Sr/Ca provides a reconstruction of SST variability that 
preserves centennial to interannual scale variability especially in the well-reproduced 
portion of the record (1728–1999). 
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The assessment of the global extent of the “Little Ice Age” is limited by the 
scanty number of reconstructions in the tropics and Southern Hemisphere yet there is 
evidence for several warm periods in the last millennia [Jones et al., 1998; Jansen et al., 
2007].  The centennial-scale coral Sr/Ca–SST variability reconstructed for Amédée 
Island reveals a cold period (~1.3–1.0ºC) in the early nineteenth century with a warming 
trend into the twentieth century after 1885 (~0.9ºC; Figure 2.4).  The nineteenth century 
is the coldest century in the record (~0.58ºC colder; centennial averages reported with 
respect to 1967–1992) similar to Little Ice Age cooling (~0.3–0.6ºC) observed in the 
Northern Hemisphere [Jones et al., 1998; Mann and Jones, 2003].  However, the 
eighteenth century (0.31ºC) is slightly warmer than the nineteenth century, and the 
seventeenth century (0.03ºC) has periods as warm as the late twentieth century: this 
centennial-scale variability shares little similarity to the colder Northern Hemisphere 
during these centuries.  The seventeenth century portion of the master coral Sr/Ca record 
has lower confidence in contrast to the rest of the record that can be attributed to a lower 
number of records used in the reconstruction.  The cooler early 1800s corresponds to an 
increase volcanic activity and the Dalton Minimum; however, the record does not contain 
equivalent cooling during the Maunder Minimum (1645–1750).  Spectral analysis reveals 
insignificant concentrations of variance in the ~11-year band, the same periodicity as the 
sunspot cycle (Figure 2.7) and cross-spectral analysis revealed no significant coherence 
between the coral SST and the total solar irradiance [Lean, 2000].  Therefore, the colder 
early 1800s could be a response to increased volcanism or other factors. 
The results from this Amédée Island coral Sr/Ca–SST reconstruction conflicts 
with the 1.4ºC cooler Little Ice Age conclusion by Corrége et al. [2001], a previous study 
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of the same coral core (92-PAA1).  Corrége et al. [2001] analyzed monthly coral Sr/Ca 
and U/Ca for 1701 to 1761; the coldest period in the seasonal coral δ18O record [Quinn et 
al., 1998].  A portion of the cold period (1732–1743) of the seasonal coral δ18O [Quinn et 
al., 1998] was compared to the coeval monthly coral δ18O from 92-PAA2.  The coeval 
coral δ18O variations indicated warmer conditions; these results lead us to further 
investigate the discrepancy (Appendix E).  The two-core replication of the monthly coral 
Sr/Ca found problematic sections with suboptimal corallite alignment along the sampling 
path utilized in the previous studies (Appendices A, C, and D).  This study sampled new 
paths with optimal corallite orientation (92-PAA1-J) and replaced sections with 
suboptimal paths (92-PAA1-I and 92-PAA1-H; Appendix A).  Furthermore, this study 
adjusted the chronology as the result of cross dating of the two cores (92-PAA1 and 92-
PAA2); the adjustment found two overlapping core sections that resulted in a loss of nine 
years to the original chronology for 92-PAA1 (Appendix A).  The new coral Sr/Ca record 
has an average SST of –0.25ºC for 1701 to 1761; however, there is a decade long cold 
event from 1733 to 1745 with temperature anomalies ~1ºC colder than the late twentieth 
century (Figure 2.4).  The coeval coral Sr/Ca variations from 92-PAA2 do not confirm 
the colder Little Ice Age reported by Corrége et al. [2001] (Figure 2.2) and these results 
find that the cooling noted in the previous report was an artifact of suboptimal sampling 
(see part 2.5.1). 
Resolving the apparent Little Ice Age cooling for New Caledonia provides some 
clarity to the status of the southwest Pacific during this period.  Coral Sr/Ca–SST 
reconstructions from Great Barrier Reef [Hendy et al., 2002] and Flinders Reef [Calvo et 
al., 2007] (Figure 2.1) in the western Coral Sea report an eighteenth and seventeenth 
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century as warm or warmer than twentieth century (0.10ºC and –0.03ºC, respectively; 
records normalized with respect to 1860–1985) similar to the New Caledonia coral 
Sr/Ca–SST reconstruction (0.05ºC; Figure 2.6).  Examination of the nineteenth century 
average temperatures reveals a conflict between the Coral Sea Sr/Ca–SST records.  The 
Flinders Reef and New Caledonia records are cooler (–0.25ºC and –0.33ºC, respectively) 
whereas the Great Barrier Reef record is as warm as the twentieth century (0.11ºC; Figure 
2.6).  Examination of the correlation map for each location (Figure 2.1 and 2.8) reveals 
the Great Barrier Reef location is more of a coastal record, whereas the Flinders Reef 
shares variance with New Caledonia and the Coral Sea region; these records may reflect a 
more open ocean signal.  The location of these records may explain the centennial-scale 
differences observed among coral Sr/Ca records from the Coral Sea. 
Alternatively, the difference between Coral Sea coral Sr/Ca records may lie with 
the 5-year bulk sampling method.  The Hendy et al. [2002] and Calvo et al. [2007] coral 
Sr/Ca studies used 5-year bulk sampling that reconstructs a 5-year mean; the New 
Caledonia coral Sr/Ca record was similarly treated for the comparison (Figure 2.6).  
Coral growth may not be constant throughout the year, depending on species and location 
[Charuchinda and Chansang, 1985; Barnes and Lough, 1996; Leder et al., 1996; 
Harriott, 1999], thus should be accounted for when calculating averages (e.g., mean 
annual and 5-year mean) [Barnes et al., 1995; Barnes and Lough, 1996].  In this monthly 
resolved study, the non-linearity, if it exists, is adjusted in the conversion from depth 
domain to time domain by fitting an approximately sinusoidal coral Sr/Ca annual cycle to 
a sinusoidal SST annual cycle (r = 0.996, p < 0.5, n = 392).  A comparison of the mean 
and median values between depth domain and time domain reveals the bias correction.  
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Therefore, if the mean annual or 5-year average is determined in the time domain after 
converting from the depth domain, the sub-annually resolved coral geochemical record is 
not biased towards months when corallite extension is greatest.  If the Great Barrier Reef 
corals extend more in the summer compared to the winter, the coral skeletal geochemical 
record would be biased warm: this could explain the observed differences.  In contrast, 
the Flinders Reef study employed the same bulk sampling method as Hendy et al. [2002].  
The Flinders Reef coral Sr/Ca record does not appear to have a warm bias, which might 
suggest that the coral grew at an approximately constant rate.  Examination of the X 
radiograph in the work of Calvo et al. [2007] reveals an approximately even width 
between the low- and high-density bands, which would indicate near linear growth 
[Barnes et al., 1995], assuming the corallites are optimally oriented.  These assumptions 
have not been tested empirically and the effect of non-linear growth in corals needs to be 
evaluated.  Understanding of the influence of seasonal growth variability on the coral 
geochemical record is necessary for determining sampling strategies and for 
interpretation of coral geochemical records. 
The climate state of the southwest Pacific during the nineteenth century is 
examined by comparing monthly resolved coral Sr/Ca–SST reconstructions from the 
region: namely New Caledonia, Fiji [Linsley et al., 2004], and Rarotonga [Linsley et al., 
2000] (Figure 2.1 and 2.5).  The New Caledonia and Fiji coral Sr/Ca records [Linsley et 
al., 2004] are cooler in the nineteenth century, whereas Rarotonga [Linsley et al., 2000] is 
as warm as the twentieth century (–0.64ºC, –0.73ºC, 0.18ºC, respectively; values reported 
with respect to 1961–1990; Figure 2.5).  Examination of the correlation map for each 
location reveals New Caledonia and Fiji share variance (Figure 2.1 and 2.8).  Rarotonga 
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is closer to the region where the SST response to an ENSO warm phase switches from 
positive to negative.  This location may also be influenced by shifts in the response 
pattern to ENSO if these shifts occur on centennial time scales [Cobb et al., 2003].  
Therefore, location of the reconstructions is one explanation for centennial scale 
differences observed between southwest Pacific coral Sr/Ca–SST records. 
In summary, a prolonged “Little Ice Age” period with cooler SST is not evident in 
the New Caledonia coral Sr/Ca–SST reconstruction or in similar coral Sr/Ca–SST from 
the southwest Pacific.  Similar results are reported for tree-ring reconstructions in 
Tasmania [Cook et al., 2000] and New Zealand [Xiong and Palmer, 2000] and southern 
hemisphere reconstructions [Jones et al., 1998].  These records do not cover the entire 
Little Ice Age period and extending the records back in time will provide insight into 
southwest tropical Pacific on centennial time scales.  There is evidence for a cooler 
nineteenth century for island or open reef locations south of the SPCZ; this cooling may 
be result of enhanced volcanic activity in this century or other factors. 
 
2.5.4 Interannual to Multi-Decadal Scale SST Variability 
The New Caledonia coral Sr/Ca–SST record was analyzed using various time 
series methods to investigate the significant periodic oscillations in the record..  Each 
time series method has strengths and weaknesses; therefore, robustness increases when 
significant periodicities are identified in more than one spectral method.  The results from 
the multi-taper method (MTM) [Thomson, 1982; Ghil et al., 2002] and wavelet analysis 
[Torrence and Compo, 1998; Grinsted et al., 2004] are illustrated in Figure 2.7.  Spectral 
analyses of the coral Sr/Ca time series identified significant (95%) periodicities in the 
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biennial band (~2 years/cycle), the interannual band (~5.7 and 8.5 years/cycle), the 
decadal band (~19, ~15, and ~14 years/cycle), the bi-decadal band (~26–32 years/cycle), 
the multi-decadal band (~37–46 years/cycle), and sub-centennial band (~57–76 
years/cycle; Figure 2.7a).  The decadal to multi-decadal bands contain the largest 
percentage of variance (6% for decadal; 7.5% for bi-decadal; 3% for multi-decadal) 
follow by the interannual bands (3% for 5.7 years/cycle 1.4% for 8.5 years/cycle), the 
sub-centennial band (2.4%), and lastly the biennial band (1.9%; Figure 2.7a).  Spectral 
analysis reveals an attenuation of variance in the ~11 to 12 year band, the same 
periodicity as the sunspot cycle (Appendix H).  Correlation and cross-spectral analysis 
with a sunspot cycle time series [Lean, 2000] found no significant coherence. 
The coupled methods of wavelets and MTM allow the exploration of a time series 
in the frequency domain to gain further insight into the periodic variability contained in 
the time series.  Several biennial band peaks occur in the MTM plot (Figure 2.7a) that 
may be related to the atmospheric quasi-biennial oscillation (QBO; ~2.3 years/cycle) 
Figure 2.7 Spectral Analyses of Monthly Reconstructed SST Anomalies. 
 (a) Multi-taper method (MTM) spectrum (tapers = 3, resolution = 2) [Thomson, 1982; 
Ghil et al., 2002] of coral Sr/Ca SST.  Confidence intervals estimated assuming a red 
noise background [Mann and Lees, 1996].  Significant periodicities (95% confidence 
level) are identified in the multi-decadal bands (~42–57 years/cycle), the bi-decadal 
bands (~24–32 years/cycle), the decadal bands (~14–19 years/cycle), and interannual 
bands (~8, 5.7, ~2 years/cycle; gray boxes).  Percentages are % variance for significant 
bands.  (b) The monthly coral Sr/Ca–SST anomaly with 48-month low pass FIR filter 
(90% pass at 81 months; red line).  (c) The local wavelet power spectrum using the 
Morlet mother wavelet and normalized by 1/σ2 [Torrence and Compo, 1998; Grinsted et 
al., 2004].  The heavy black line is the cone of influence and the area under cone should 
be interpreted with caution due to edge effects that result from zero padding.  The thin 
black contour lines enclose time-frequency regions of greater than 95% confidence 
interval estimated assuming a red noise background model as a first order autoregressive 
model (AR(1)).  The low frequency trend in the reconstructed SST was removed by a 
second order polynomial fit prior to MTM and wavelet analysis.  The significant 
periodicities identified in the MTM spectrum have significant concentrations of variance 
in the local wavelet spectrum. 
 41 
[Naujokat, 1986].  The local wavelet power spectrum identified sporadic concentrations 
of biennial variance in the record (1877 and 1950–2000, Figure 2.7c).  The largest 
concentration of biennial variance occurs in 1995 to 1999, a period associated with the 
1998 El Niño event (Figure 2.7c).  Therefore, wavelet analysis does not support a 
sustained coherence between the coral Sr/Ca–SST and the QBO and cross-spectral 
analysis found no shared coherence between these time series.  The ~8.5 year periodicity 
is not normally associated with ENSO and this peak is not present in the spectra of local 
instrumental SST records (HadISST_AI and IRD_SST).  The local wavelet power 
spectrum reveals that the ~8.5 year periodicity appears to be related to 1855 cold 
anomaly (cf. Figure 2.7b and c), which does not coincide with a known El Niño (see part 
2.5.3).  The ~5.7 year periodicity is concentrated in the period from 1910 to 1925 in the 
local wavelet power spectrum (Figure 2.7c).  The New Caledonia coral Sr/Ca–SST time 
series exhibits significant bi-decadal and interdecadal variability (Figure 2.7); however, 
correlation and cross-spectral analyses found that the interdecadal variability is not 
coherent with the PDO or IPO in the twentieth century (Figure 2.8).  Similarly, the 
HadISST_AI time series does not share interdecadal coherence with the PDO or IPO. 
The semicentennial periodicities (~49–80 years) are concentrated in the period 
from 1820 to 1955 in the local wavelet power spectrum, however, a portion of this 
concentration of spectral power occurs outside the cone of influence; therefore should be 
interpreted with caution (Figure 2.7c).  Minobe [1997] noted a 50 to 70 year periodicity 
associated with the PDO regime shifts in North Pacific sea level pressure and in a North 
American tree-ring reconstruction [Fritts, 1991].  An evolutive MTM [see Minobe, 1997, 
Figure 4c] exhibits the same temporal concentration of semicentennial variance in the 
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Figure 2.8 Decadal Variability in SST Reconstructions from the South Pacific. 
(a) The monthly coral Sr/Ca SST reconstructions, which are located along an 
approximately east to west transect (See Figure 2.1 for locations), include (b) Rarotonga 
[Linsley et al., 2000], (c) Fiji [Linsley et al., 2004], and (d) Amédée Island, New 
Caledonia.  The PDO index [Mantua et al., 1997] and IPO index [Folland et al., 2002] 
are compared to the respective coral Sr/Ca SST reconstructions.  The three coral Sr/Ca 
records were calibrated to local SST using method described by DeLong et al. [2007].  
SST anomalies calculated with respect to 1950 to 1979 similar to PDO.  The low 
frequency trend was removed from each coral record by second order polynomial fit and 
filtered (10-year low pass FIR filter; 90% pass >12 years) to examine frequencies outside 
the interannual band. 
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nineteenth century as the New Caledonia local wavelet spectrum (Figure 2.7b).  
However, the New Caledonia record does not share interdecadal coherence with the 
PDO.  This semi-centennial concentration of variance is significant periodicity in the 
MTM spectrum but these periodicities are close to the limits of interpretation for this 
record. 
The local wavelet spectrum reveals several significant periodicities that coincide 
with large volcanic events recorded in the coral Sr/Ca–SST record (Figure 2.4).  A 
significant concentration of variance (~16 years/cycle) occurs in 1883, which coincides 
with the Krakatau eruption (Figure 2.7b and c) as evident by a large cooling event (~1ºC) 
in the coral time series.  Further examination reveals a concentration of variance (~20 
years/cycle) that coincides with the Tambora eruption in 1815.  These concentrations of 
variance may just coincide with large volcanic events or a large single event in a time 
series may have a significant concentration of variance in the frequency domain.  To test 
this hypothesis, a local wavelet power spectrum was computed for a time series that 
contains just large “spike” events, the Volcanic Explosivity Index (VEI) [Crowley, 2000] 
(Appendix F).  The large spike events produce concentrations of significant variance in 
the local wavelet power spectrum in the interannual and interdecadal periodicities and the 
MTM spectrum contains significant concentrations of variance in the interannual bands 
(Appendix F).  This demonstration does not prove that the concentrations of variance 
observed in the coral Sr/Ca-SST time series are due to volcanic events.  However, a large 
single event can produce significant concentrations of variance in a spectrum that are not 
related to oscillations.  Spectral methods use transforms from the time domain to 
frequency domain that fit sinusoidal curves to the time series.  If the “fit” is good for a 
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single event with a large percent of the variance, the transform of the event into 
frequency space may produce significant concentrations of variance.  The coupling of 
spectral and wavelet analysis can help refine the interpretation of significant spectral 
peaks by determining those peaks associated with a single event and not related to 
persistent oscillations or modulating periodicities in a time series. 
ENSO is the primary source of interannual climate variability in New Caledonia, 
even though New Caledonia is not located at a “center of action” for ENSO.  SST 
anomalies during ENSO warm phase are ~11% (±0.5ºC) of the seasonal variability 
whereas SSS can vary by ~50% and persist for nine to twelve months [Delcroix and 
Lenormand, 1997].  Cross-spectral analysis reveals significant coherence (~5 years) 
between the SOI and the New Caledonia coral Sr/Ca–SST in the twentieth century.  
Wavelet analysis reveals the amplitude of the ENSO band periodicities (4–8 years) 
modulates through time with significant amplitudes in the early 1850s and 1905 to 1925 
(Figure 2.7b and c).  Similar concentrations of variance for the early twentieth century are 
present in the coral and tree-ring based ENSO reconstructions [Stahle et al., 1998; Cobb 
et al., 2003; D'Arrigo et al., 2005].  These results do not necessarily indicate that ENSO 
did not have an influence on New Caledonia in the other time periods; merely the 
sensitivity of the monthly coral Sr/Ca thermometer may not resolve an ENSO SST signal 
with reduced amplitude.  There is evidence for interdecadal modulation of ENSO 
variability in Australia and New Zealand [Power et al., 1999; Salinger et al., 2001]; a 
similar modulation of ENSO may occur in New Caledonia.  Coral δ18O is a better proxy 
for ENSO variability in the New Caledonia region because interannual variability in 
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salinity exceeds that of SST [Quinn et al., 1998]; hence, coral δ18O should have a 
stronger ENSO related spectral character. 
The decadal and bi-decadal bands (14–32 years/cycle) contain the highest 
percentage of variance in the New Caledonia coral Sr/Ca–SST record, with a 
concentration of variance in the 1800s and late 1660s (Figure 2.7a and c).  The period 
from 1660 to 1725 has significant concentrations of power (~16–32 years/cycle; Figure 
2.7c) as the result of the large shifts that occur in this interval (Figure 2.4).  The period 
from 1648 to 1728 has less confidence due to lower core coverage (Figure 2.2a); 
therefore, this concentration of wavelet power is interpreted with caution.  The MTM 
spectrum of the coral Sr/Ca record reveals a separation of the decadal (~14–19 
years/cycle) and bi-decadal bands (~26–32 years/cycle; Figure 2.7a).  The local wavelet 
spectrum reveals the spectral power of the interdecadal periodicities (~14–19 years/cycle) 
modulates with time and the multi-decadal periodicities (~25–33 years/cycle) tend to 
persist with time (Figure 2.7c).  The multi-decadal periodicities may represent an 
independent mode of climate variability or a harmonic of the modulating interdecadal 
periodicities.  Concentrations of variance in the interannual bands coincide with a lack of 
variance in the interdecadal bands (1850s and 1910s) and may indicate a possible 
modulation of ENSO variability on interdecadal variability (Figure 2.7).  However, the 
coral Sr/Ca–SST proxy has low sensitivity to ENSO variability and the 1855 event is not 
related to a known El Niño event; therefore, the possible modulation of ENSO should be 
tested with other proxies such as coral δ18O. 
The spectral character of the New Caledonia coral Sr/Ca time series can be 
characterized as either response to volcanic forcing or as an interdecadal and bi-decadal 
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system with modes of variability not previously recognized or a combination of both.  
The concentrations of interdecadal variance coincide with large volcanic events.  
Volcanic cooling has previously been reported for a coral δ18O record from Ningaloo 
Reef in western Australia [Gagan, 1995].  Coupled ocean–atmosphere model 
experiments that include time-varying external forcing (e.g., changes in greenhouse 
gases, solar irradiance, and volcanic aerosols) reveal evidence for volcanic induced 
cooling of the global ocean surface and deeper layers that can persist for decades 
[Gleckler et al., 2006a; Gleckler et al., 2006b].  Additionally, the fit between climate 
model output and observations of ocean heat content and sea level change improve when 
forced with volcanic cooling [Church et al., 2005; Domingues et al., 2008].  New 
Caledonia is located in a region with a smaller SST response to ENSO forcing (11%) 
compared to seasonal SST variability; therefore, New Caledonia may be more sensitive 
to external forcing such as volcanic cooling.  However, the twentieth century has very 
little volcanic forcing, yet the coral Sr/Ca record exhibits decadal variability for this 
period (Figure 2.7c).  Furthermore, the joint occurrence of volcanic events and 
interdecadal variability could be the result of chance. 
A complication to resolving interdecadal to multi-decadal SST variability in the 
South Pacific is the lack of observations.  The IPO and PDO are defined using 
interpolated gridded SST data products that include ship of opportunity measurements 
and naval records as a source of observations [Slutz et al., 1985].  In the South Pacific, 
most of the observations occur along shipping lanes with a concentration along the coasts 
of Australia and New Zealand.  Prior to World War I, the shipping lanes in the South 
Pacific were approximately along the 50ºS parallel.  After the Panama Canal opened 
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(1914), the shipping lanes shifted to a diagonal transect from Panama to the East 
Australia-New Zealand area; these changes in shipping lanes may have introduced a bias 
to the gridded SST record.  Furthermore, the East Australia-New Zealand area and the 
50ºS-shipping lane are regions dominated by highly variable ocean currents; the western 
boundary current, East Australia Current (EAC), and the Antarctic Circumpolar Current.  
As a result, the spatial and temporal coverage of SST for the South Pacific is sparse 
compared to the North Pacific.  The SST data products employ various bias corrections 
depending on the mode of temperature measurement [e.g., Rayner et al., 2003].  
Recently, Thomson et al. [2008] found a bias that had not been corrected that may 
introduce changes to the subsequent SST data products.  The uncovered bias is 
manifested as an abrupt cold event in 1945.  The corresponding grid box from HadISST 
[Rayner et al., 2003] for Amédée Island exhibits this cold event; however, the coral Sr/Ca 
record is warming at this time.  Similar warming occurs in the Fiji and Rarotonga coral 
Sr/Ca–SST records (Figure 2.5) [Linsley et al., 2000; Linsley et al., 2004], whereas their 
corresponding HadISST grid boxes are cooling.  This particular bias is problematic; 1945 
is identified as an IPO/PDO regime shift.  The authors of the SST data products utilize 
interpolation methods to complete a global grid of SST [e.g., Rayner et al., 2003; Smith 
and Reynolds, 2004] that may not capture all variability in data sparse regions.  A 
tremendous amount of work goes into creating these SST databases and they are 
invaluable, yet they are subject to amendments.The lack of long SST records from the 
South Pacific hinders our understanding of decadal-scale variability in this region.  Coral-
based Sr/Ca reconstructions of SST from Rarotonga [Linsley et al., 2000], Fiji [Linsley et 
al., 2004], Flinders Reef [Calvo et al., 2007], the Great Barrier Reef [Hendy et al., 2002], 
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and New Caledonia provide long records of SST variability in the southwest Pacific.  
Each of these locations has regional scope illustrated by correlations maps of the 
respective 1º-grid OISST anomalies (Figure 2.9).  The Great Barrier Reef location has 
significant correlations with coastal East Australia and the Coral Sea; whereas, the 
Flinders Reef location, which is open ocean, has a wider correlation region.  Of the five 
locations, Fiji has the largest correlation area and a spatial pattern that resembles the 
ENSO and IPO spatial pattern from EOF analysis.  Rarotonga is closest to the subtropical 
gyre and SPCZ and correlates significantly with Fiji.  The Fiji and Rarotonga locations 
are more sensitive to variations in the in the SPCZ whereas, the three Coral Sea locations 
reflect variations in the heat content of the Coral Sea.  Similar comparisons can be made 
for the five southwest Pacific coral Sr/Ca records.  The New Caledonia and Fiji [Linsley 
et al., 2004] coral Sr/Ca–SST reconstructions are significantly correlated, whereas the 
Rarotonga [Linsley et al., 2004] and New Caledonia coral Sr/Ca–SST are not 
significantly correlated.  New Caledonia and Fiji are located southwest of the SPCZ share 
a common climatological zone (Figure 2.1).  The two pentannually-resolved coral Sr/Ca–
SST records from the Coral Sea region [Hendy et al., 2002; Calvo et al., 2007] are not 
significantly correlated whereas the similarly resampled New Caledonia coral Sr/Ca–SST 
record shares significant correlation with the Flinders Reef record (r = 0.37, p < 0.05, n = 
57) but not the Great Barrier Reef reconstruction; this contrasts with the expectation of 
correlation for records in relatively close proximity (Figure 2.1).  Flinders Reef [Calvo et 
al., 2007] and New Caledonia share centennial-scale variability whereas the Great Barrier 
Reef [Hendy et al., 2002] and New Caledonia are coherent outside the centennial scale as 
shown by a 75-year moving correlation 
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Figure 2.9 Correlation Maps of Monthly SST Anomalies for Coral Sr/Ca Reconstruction sites in the South Pacific. 
Correlation maps same as Figure 2.1 for (a) Great Barrier Reef, (b) Flinders Reef, (c) Fiji, and (d) Rarotonga.
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window (Figure 2.6b).  The discrepancies may be result of different methods used to 
reconstruct SST from coral Sr/Ca.  Sampling a continuous path for five-years will bias 
the record towards summer months due to the non-linear growth of coral; this would 
explain the difference between New Caledonia and the Great Barrier Reef on centennial 
scales (see part 2.5.3).  The Great Barrier Reef [Hendy et al., 2002] and New Caledonia 
coral Sr/Ca records were composed from multiple cores, whereas the Flinders Reef 
record [Calvo et al., 2007] is a single core.  Chronology errors introduced by locally 
absent years and core breaks may result in temporal offsets between the 5-year sampling 
intervals resulting in the lack of correlation between the Coral Sea records.  The Flinders 
Reef record [Calvo et al., 2007] is the only southwest Pacific coral Sr/Ca–SST record 
without a Tambora related cold event (1815); Flinders Reef is warming from 1810 to 
1820 with colder periods before and after (1806–1810 and 1821–1835; Figure 2.6). 
The five multi-century coral Sr/Ca–SST reconstructions in the southwest Pacific 
(Great Barrier Reef [Hendy et al., 2002], Flinders Reef [Calvo et al., 2007], New 
Caledonia, Fiji [Linsley et al., 2004], and Rarotonga [Linsley et al., 2000]) share a 
common warming trend in the twentieth century (Figure 2.5 and 2.6).  The warming trend 
coincides with an abrupt freshening in the southwest Pacific that commenced in the mid 
1800s and is associated with an expansion of the SPCZ [Linsley et al., 2006].  Spectral 
analysis revealed the three monthly resolved coral Sr/Ca records, New Caledonia, Fiji 
[Linsley et al., 2004] and Rarotonga [Linsley et al., 2000], have different significant 
interdecadal periodicities; however, the bi-decadal periodicities (~25–22 years) are 
present all three records.  The coral Sr/Ca–SST record from Rarotonga [Linsley et al., 
2000] is significantly correlated with IPO index [Folland et al., 2002].  The correlation 
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with the IPO decreases progressing westward for coral Sr/Ca–SST records from Fiji 
[Linsley et al., 2004], and the New Caledonia (Figure 2.8); the correlation is insignificant 
between the IPO and New Caledonia.  The 1976–1977 climate regime shift is present in 
the New Caledonia, Fiji, and Rarotonga coral Sr/Ca–SST records (Figure 2.8); however, 
the shift in the New Caledonia coral record is not sustained (Figure 2.8).  The three Coral 
Sea records exhibit continued warming (Figure 2.6) whereas Fiji and Rarotonga are 
cooling.  There are clear discrepancies between the southwest Pacific coral Sr/Ca–SST 
records and their respective interdecadal variability. 
Each of the southwest Pacific coral Sr/Ca–SST reconstructions exhibit 
interdecadal variability but not all are coherent with the IPO/PDO; these differences may 
be real and another mode of interdecadal variability maybe present in the southwest 
Pacific.  A recent analysis of PDV, which accounted for the varying effects of ENSO in 
each SST grid box, found varying interdecadal oscillations between the North Pacific and 
South Pacific [Chen et al., 2008].  Additional modes of decadal variability have been 
identified in the North Pacific such as the North Pacific mode [Nakamura et al., 1997].  
In the Southern hemisphere, the Southern Annular Mode (SAM), similar to the Artic 
Oscillation (AO), has been linked to the strength of the trade winds [Thompson et al., 
2000].  In the winter season in the New Caledonia region, the subtropical anti-cyclonic 
belt is not continuous and between anti-cyclones, storms of polar origin take place, 
inducing west wind bursts and strong rainfall [Morliere and Rebert, 1986].  The 
irregularity in the occurrence of winter storms and cyclones is mainly responsible for the 
strong interannual variability [Morliere and Rebert, 1986].  Decadal trends are present in 
the SAM [Thompson et al., 2000; Marshall, 2003] and positive SAM index is associated 
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with an increase in wind stress curl that results in a spin up of the subtropical gyre 
[Roemmich et al., 2007], an increase in the EAC, and an increase in SST in the Coral Sea 
region [Cai et al., 2005].  Ocean circulation model experiments reveal the flow of the 
South Pacific subtropical gyre varies on decadal time scales [Chang et al., 2001] and 
some suggest the tropical South Pacific as the source of the 1976 climate regime shift 
[Giese et al., 2002].  The SAM [Marshall, 2003] and New Caledonia coral Sr/Ca–SST 
reconstruction co-vary for a 10-year span, however, the link is not consistent.  The SAM 
may be the source of interdecadal modulation observed in the New Caledonia coral 
Sr/Ca–SST record; further studies are needed. 
The Fourth Intergovernmental Panel on Climate Change (IPCC) report [Trenberth 
et al., 2007] suggests it is possible that there is no well-defined coupled ocean-
atmosphere ‘mode’ of variability in the Pacific on decadal to inter-decadal time scales, 
since instrumental records are too short to provide a robust assessment.  Furthermore, 
tree-ring based reconstructions of the PDO conflict regarding time scales [e.g., Biondi et 
al., 2001; Gadalof and Mantau, 2002].  Refinements to the methods used to generate 
proxy climate records may resolve the conflicts.  The addition of this well-constrained 
coral Sr/Ca record, which demonstrates improvements in coral Sr/Ca proxy thermometer 
by resolving reproducibility issues and providing a cross-dated chronology, provides a 
long record of climate variability in a region with sparse SST observations.  While this 
record does not confirm previously defined modes of Pacific decadal variability, it does 
identify significant inter- to multi- decadal periodicities that should be examined further. 
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2.6 Conclusions 
The monthly resolved coral Sr/Ca determinations of multiple cores from the same 
colony are within analytical precision when the coral is sampled along the central growth 
axis and the orientation of the extending corallite is approximately parallel to the 
sampling path.  Discrepancies can be explained by examining the corallite orientation and 
sampling path.  When corallites transverse the sampling path in the depth dimension, the 
coral Sr/Ca values tend to be lower (i.e., warmer) due to a sampling path that does not 
capture winter deposition.  When corallites are disorganized with no discernable structure 
on the coral sampling surface, the coral Sr/Ca values tend to be higher (i.e., colder) 
possibly due to lack of growth in summer months.  Examination of the annual density 
bands in an X radiograph is not enough to determine the optimal sampling path; the 
corallite structure needs to be examined. 
The Amédée Island coral chronology previously reported by Quinn et al. [1998] 
was improved by adding the second core that allowed the assessment of locally missing 
years in core breaks, bioerosional incursions, and interruptions in annual density band 
pattern.  The updated chronology agrees with high precision 230Th age determinations. 
The monthly resolved coral Sr/Ca variations between two intracolony cores are 
reproducible for more than three centuries and the variations are coherent at periodicities 
from interannual to centennial.  Massive Porites corals are unlike tree-ring based 
reconstructions that require a correction for growth-related effects, thus massive coral 
cores, when sampled properly, should be able to resolve centennial-scale climate 
variability. 
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The centennial-scale coral Sr/Ca–SST variability reconstructed for Amédée Island 
reveals a cooling trend (~0.4ºC) from 1741 to 1815, a colder nineteenth century (~0.6ºC), 
followed by a warming trend (~0.6ºC) in the twentieth century.  Neither the coral Sr/Ca–
SST reconstruction for New Caledonia nor similar coral Sr/Ca–SST reconstructions from 
the southwest Pacific exhibit prolong periods of cooler SST during the Little Ice Age.  
These records do not cover the entire Little Ice Age and extending the records back in 
time may provide insight into the southwest tropical Pacific on centennial time scales.  
There is evidence for a cooler nineteenth century for island or open reef locations south 
of the SPCZ; this cooling may be result of enhanced volcanic activity in the 1800s. 
Two of the coldest events (~1.3ºC with respect to 1967–1992) in the New 
Caledonia coral Sr/Ca–SST record coincide with large explosive volcanic eruptions, 
Tambora in 1815 and Krakatau in 1883.  Crowley et al. [1997] suggested utilizing large 
volcanic eruptions as stratigraphic markers to refine coral based chronologies.  The cold 
events induced by the Tambora and Krakatau eruptions are recorded simultaneously in 
four of five coral Sr/Ca records across the southwest Pacific; thus supporting the validity 
of this technique for these eruptions.  Cold events of similar magnitude occur in the coral 
Sr/Ca–SST reconstruction that do not coincide with known volcanic eruptions. 
The reconstructed coral Sr/Ca–SST record has significant multi-decadal to inter-
decadal scale variability.  The largest percentage of variance outside the annual cycle is 
contained in the multi-decadal bands.  Local wavelet spectrum reveals the biennial and 
the 8.5-year bands are related to single events in the record whereas the multi-decadal 
periodicity is present for most of the coral Sr/Ca–SST time series and amplitude of 
interdecadal periodicities appears to modulate through time.  Spectral analysis reveals 
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insignificant concentrations of variance in the ~11-year band, the same periodicity as the 
sunspot cycle  
The New Caledonia coral Sr/Ca–SST record reveals significant multi-decadal 
variability; however, this variability is not coherent with PDO or IPO index in the 
twentieth century.  New Caledonia is located southwest of the SPCZ and according to the 
EOF spatial pattern for the IPO and PDO, New Caledonia should get colder during the 
IPO PDO warm phase.  The correlation between the IPO and southwest Pacific coral 
Sr/Ca–SST reconstructions decreases from east to west.  The differences between IPO 
PDO index and this coral SST reconstruction may be real and another mode of 
interdecadal variability is present in the southwest Pacific; resolving these differences is 
difficult due to the lack of SST observations. 
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3 Multi-Decadal Scale Climate Variability in Highly Resolved Proxy Records: 
Evaluating Paleoclimate Records in the Frequency Domain 
 
3.1 ABSTRACT 
Multi-decadal climate variability has been detected in both instrumental and 
proxy climate time series and this variability has been linked to internal interactions in 
climate system, external forcing such as solar irradiance, and episodes of explosive 
volcanism.  This study investigates multi-decadal scale variability in highly resolved 
proxy time series (e.g., speleothems and tree-rings) that span the last 2000 years.  This 
study focuses on how the methods used for the construction of a paleoclimate time series 
influence the interpretation of that record in the frequency domain.  Two proxy records 
were selected: a speleothem time series from the Dongge Cave in southern China [Wang 
et al., 2005] and a tree-ring time series from El Malpais National Monument in New 
Mexico [Grissino-Mayer, 1996]. 
The chronology of the Dongge Cave time series contains uneven time intervals 
between data points (∆t) requiring interpolation to a constant ∆t for analysis with 
traditional spectral methods.  The Lomb-Scargle Fourier transform evaluates the 
spectrum of time series at the actual measurement times and does not assume a constant 
∆t.  A comparison of the even and uneven ∆t spectra using the Lomb-Scargle transform 
reveals the interpolated spectrum contains suppressed periodicities (<20 years/cycle), in 
contrast to the uninterpolated spectrum, resulting in a steeper slope in the red noise model 
 57 
thus influencing significance testing.  Spectral analysis of the Dongge time series 
identified significant periodicities centered on ~11, 25, and 69 years/cycle, which are 
broadly similar to periodicities observed in the sunspot cycle, Pacific Decadal Oscillation 
(PDO), and Gleissberg sunspot cycle, respectively. 
The El Malpais time series is an average of many tree-ring width series in which 
the number series varies with time.  Spectral analysis of the entire time series identified 
significant concentrations of variance centered on ~25, 35, 60, and 84 years/cycle.  
Further examination of the three temporal subsets found these periodicities varied 
between subsets.  The ~25 years/cycle is present in the youngest and oldest subsets, the 
subsets with the least and most number of series.  The ~34 years/cycle is present in the 
middle subset.  The ~60 and ~84 years/cycle are present in the two youngest and most 
replicated subsets.  These periodicities may be a function of the number of series or may 
represent a real temporal variability. 
Cross-spectral analysis of the El Malpais and Dongge Cave time series reveal 
significant coherence in the inter- and multi-decadal bands; however, cross-wavelet 
analysis, which examines localized frequencies in the time domain, reveals a lack of 
correlation; therefore, coherence in the frequency domain does not indicate correlation in 
the time domain.
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3.2 Introduction 
Sub-centennial climate variability is poorly understood in the context of 
anthropogenic climate alteration due to spatially and temporally limited instrumental 
records.  In lieu of instrumental records, proxy recorders of climate variability are used to 
reconstruct past climate variability.  Multi-decadal climate variability has been detected 
in both instrumental and proxy climate records, and this variability has been linked to 
internal interactions in climate system, external forcing such as solar irradiance, and 
episodes of explosive volcanism. 
Time series analysis of solar variations and total irradiance records has 
demonstrated solar variability contains periodic variability on orbital to decadal scales.  
The 11-year sunspot cycle has been recorded for many centuries and fortified by modern 
satellites measurements.  Longer records have identified other solar periodicities such as 
the Gleissberg cycle (~88 years/cycle).  Orbital-scale variations in isolation have been 
shown to vary the strength of monsoon rainfall [Kutzbach, 1981] as solar radiation 
increases the strength of monsoon circulation increases.  If solar variations have 
influenced the earth’s climate then paleoclimate records from regions sensitive to solar 
variability should record periodicities related to solar variations; such as monsoon 
regions. 
Paleoclimate reconstructions can be evaluated in the time and frequency domain 
to determine if the periodicities related to solar variations are present.  In spectral 
analysis, the length of the time series limits the lowest frequencies that are detectable, the 
sampling resolution limits the high frequencies that are detectable (i.e., greater than the 
Nyquist frequency), and the quality of the time series limits the scope of the analysis (i.e., 
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age model precision, signal-to-noise ratio, and minimal data treatment).  For a sub-
centennial variability, the time series should be annually to pentannually resolved, at least 
1000 years long, have a well-constrained age model, and demonstrate high coherence 
with a climatic variable in the instrumental period.  A common periodicity detected in 
two time series does not indicate correlation in the time domain nor coherence with a 
solar cycle or any other cycle.  Statistical tests such as correlation analysis in the time 
domain and cross-spectral analysis in the frequency domain are needed to test whether 
the time series co-vary in any significant way.  Cross-wavelet analysis can test localized 
correlation and coherence in the time and frequency domain [Torrence and Compo, 1998; 
Grinsted et al., 2004]. 
This study investigates the sub-centennial scale variability in highly resolved proxy 
records that span the last 2000 years and focuses on how the construction of the 
paleoclimate time series impacts the frequency domain interpretation.  Two proxy records 
were selected: a speleothem time series from the Dongge Cave in southern China [Wang 
et al., 2005] and a tree-ring time series from El Malpais National Monument in New 
Mexico [Grissino-Mayer, 1996].  These paleoclimate records reconstruct variations in 
precipitation for regions that are influence by strong seasonal monsoon rainfall; thus 
should be sensitive to variations in solar radiation.  
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3.3 Methods 
Time series analysis methods utilized includes Fast Fourier transform (FFT), Multi-Taper 
Method (MTM) [Thomson, 1982; Ghil et al., 2002], wavelet analysis [Torrence and 
Compo, 1998; Grinsted et al., 2004], and Lomb-Scargle (LS) Fourier transform [Lomb, 
1976; Scargle, 1982, 1989; Press et al., 1992].  Each method has certain assumptions and 
advantages over the other methods.  Windowed Fourier analysis is based on the fast 
Fourier transforms and attempts to limit power leakage by using data windows at the 
expense of resolution.  The MTM method uses a set of tapers instead of windows to 
minimize spectral leakage providing better frequency resolution; therefore, is 
advantageous for short time series [Ghil et al., 2002].  Wavelet analysis is similar to 
band-pass filtering with increasing frequencies to decompose the time series into the 
time-frequency domain.  The dominant modes of variability and how those modes vary in 
time can be determined.  These three methods assume the time series has a constant time 
interval (∆t) and the transformation to frequency domain is based on this assumption.  
The Lomb-Scargle Fourier transform evaluates the time series at each time measurement 
regardless of time interval.  Records with uneven time steps, in which the time steps are 
approximately the same and do not contain large time gaps, can be transformed to 
frequency domain using the LS Fourier transform.  Scargle [1982] demonstrated the LS 
periodogram determined for a time series with a constant ∆t produces similar results to 
FFT periodogram, which requires a constant ∆t.  For all these frequency analysis 
methods, similar smoothing was applied for comparisons and significance levels were 
determined using a red noise model (e.g., first order autoregressive model, AR(1)). 
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3.4 Dongge Cave δ18O Speleothem Record 
The Dongge Cave record from southern China (25.28ºN, 108.08ºE; see figure 2.1 
for location) documents Asian monsoon variability for the past 9000 years as recorded in 
the δ18O variations in a single continuously deposited stalagmite with a nearly constant 
growth rate [Wang et al., 2005].  This subtropical δ18O record varies inversely with the 
amount of precipitation as the oxygen isotope ratio of precipitation decreases with 
increasing precipitation and increasing monsoon intensity; i.e., the amount effect [Wang 
et al., 2005].  The chronology was determined by 230Th dating that was used to defined 
two time scales: a linear interpolation between 230Th dates and the second by fine-tuning 
within dating error to INTCAL98; a 14C record from tree rings [Stuiver et al., 1998; 
Wang et al., 2005].  This study examined both versions; however, the tuned version is 
shown in Figure 3.1.  The conversion from depth domain to time domain results in 
uneven Δt between the δ18O samples; the average time interval is four years for the last 
2000 years.  Many frequency analysis methods (e.g., FFT and MTM) require a constant 
Δt between samples; therefore, the time series was interpolated to have a ∆t of 4-years 
(Figure 3.1a).  Several interpolation methods were examined (linear, cubic spline, nearest 
neighbor).  The interpolation to a constant ∆t preserves the mean and slightly decreases 
the variance (–7.29 ± 0.19‰, 1σ, uneven ∆t; –7.28 ± 0.17‰, 1σ, even ∆t; Figure 3.1a).  
The interpolation process does not appear to impact the time series in the time domain 
(Figure 3.1a).  However, the influence of interpolation in the frequency domain is 
unknown hence, the effects of interpolation are investigated further. 
An additional requirement for Fourier-based and MTM frequency analyses is that 
the time series being analyzed reflects a stationary process (i.e., constant mean and 
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Figure 3.1 Dongge Cave δ18O Speleothem Time Series [Wang et al., 2005]. 
(a) The late Holocene section of the time series (AD 100–1759); the last 250 years 
excluded due to a shift to lighter isotopic values.  The chronology has uneven Δt that was 
linearly interpolated to an even Δt of 4 years.  Red triangles indicate 230Th dates with 
respective analytical error.  (b) MTM spectrum (tapers = 5, resolution = 3) [Thomson, 
1982; Ghil et al., 2002].  Confidence intervals estimated assuming a red noise 
background [AR(1), Mann and Lees, 1996].  Significant periodicities (95%) are centered 
on 27, 23, 20, 17, and 12 years (gray boxes).  (c) LS spectra [Lomb, 1976; Scargle, 1982, 
1989; Press et al., 1992] for δ18O time series with uneven Δt and interpolated even Δt 
(linear and cubic spline interpolation shown) to assess the influence of interpolation on 
spectral analysis.  Spectra smoothed over 7-bands similar to (b).  The even and uneven Δt 
time series were normalized by their respective standard deviations for MTM and LS 
spectra.  Interpolation produces suppression of periodicities <20 years in the even LS 
spectrum compared to the uneven LS spectrum, resulting in an altered the red noise 
character. 
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variance).  A trend encompassing a finite time series results in a non-stationary series that 
can be made stationary by removing the trend.  Frequency analysis of a time series with a 
trend results in a power leakage in the lower frequencies.  The section from AD 100 to 
1759 (all dates are Anno Domini (AD) and will be used throughout this document) in the 
Dongge Cave time series lacks a significant trend (slope = –1.99x10-5‰ year-1).  This 
section was selected for frequency analysis to allow for the assessment of interpolation 
on frequency analysis without the additional mathematical treatment of detrending. 
Significant periodicities are identified from the background noise by statistical 
tests.  Red noise is a common noise assumption in paleoclimate records and geophysical 
processes that can be estimated using an AR(1) model [Mann and Lees, 1996].  The 
MTM spectrum (Figure 3.1b) reveals significant (90% significance level) periodicities in 
the bands centered on ~69, 27, 23, 20, 17, and 12-years/cycle.  An alternative to the 
methods that require a constant ∆t (e.g., FFT and MTM) is the Lomb-Scargle normalized 
spectrum [Lomb, 1976; Scargle, 1982, 1989; Press et al., 1992].  The LS Fourier 
transform evaluates the series at the actual measurement times instead of constant time 
intervals, thus eliminating the need for interpolation.  The influence of interpolation on 
frequency analysis is assessed by comparing the LS spectrums of the time series with 
even and uneven ∆t (Figure 3.1c).  The red noise character of the interpolated even LS 
spectrum exhibits a steeper slope in the high frequencies compared to the uneven LS 
spectrum; the spectrums converge at ~20 years/cycle (Figure 3.1c).  Different 
interpolation methods produce slightly different results; for this time series, cubic spline 
produced less suppression of the high frequencies (Figure 3.1c).  For this time series, the 
suppression of the higher frequencies varies with the interpolated  Δt; over sampling (Δt 
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< 4) produces a steeper slope, whereas under sampling (Δt > 4) produces a flatter slope.  
Schulz and Stattegger [1997] found similar results for interpolation with synthetic data.  
Both Dongge cave δ18O chronologies produced a similar reddening of the spectrum; 
therefore, the linear interpolation used to convert from depth domain to time domain is 
not the source of the observed reddening. 
The significance levels in spectral analysis typically assume a red noise 
background, and any data manipulation that alters the red noise character should be taken 
into account when determining significant periodicities within a time series.  The 
interpolation to a constant Δt produces a steeper slope in the spectrum and red noise 
model, thus influencing the significance tests.  For example, the ~12-years/cycle peak is 
above the 95% confidence level in the MTM (Figure 3.1b), but the percent of total 
variance is low (1.4%); therefore, this peak may be the result of chance (stochastic) as the 
significance levels assumes 5% of the variance will occur above the significance level by 
random chance.  In the uneven LS spectrum (Figure 3.1c), the band centered on ~11 
years/cycle contains a higher percentage of the variance (21.7%) thus, greater than the 
5% significance level.  The LS analysis would suggest that the band centered on ~11 
years/cycle is highly significant, whereas the MTM or FFT analysis of the interpolated 
series may overlook this decadal periodicity and focus on the multi-decadal periodicities.  
Frequency analysis should consider the pre-treatment of the data and the type of 
frequency analysis method used in determining significant signals in a particular time 
series; in this case, interpolation of the time series resulting in a suppression of the higher 
frequencies. 
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The Lomb-Scargle normalized spectrum identified a band centered on ~11 
years/cycle in the Dongge Cave δ18O speleothem time series.  However, the Lomb-
Scargle method assumes the measurements times are known; therefore, chronology error 
must be considered.  Wang et al. [2005] presented a δ18O record with two age models. 
The spectral analysis for each model produces spectrums with little agreement in the sub-
centennial periodicities regardless of data treatment or spectral method.  Wang et al. 
[2005] recognized the uncertainties in the sub-centennial periodicities as a result of fine-
tuning the chronology and focused on the multi-centennial scale variability.  However, 
cross-spectral analysis reveals significant in-phase coherence in the band centered on ~10 
years/cycle between the two Dongge Cave age models; this coherence may be real or the 
result of interpolation.  The interval from 100 to 1759 (n = 421) is constrained by 11 
230Th dates with analytical error ranging from ±26 to ±83 years.  The exclusion of sub-
centennial periodicities seems reasonable given these analytical uncertainties.  Only 2.6% 
of the δ18O samples were dated and if the constant deposition assumption is correct, then 
the chronology error of the undated samples is less than the analytical error and some 
skill may be contained in the sub-centennial periodicities.  The influence of chronology 
error on spectral analysis may provide some interesting insights especially for records 
that are tuned to other records; therefore, investigating chronology error is an interesting 
subject for future research. 
The spectral analysis of Dongge Cave time series identified multi-decadal 
periodicities, which are significant depending on the analysis used.  Spectral analysis of 
the Dongge time series identified significant periodicities centered on ~11, 25, and 69 
years/cycle, which are broadly similar to periodicities observed in the sunspot cycle, 
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Pacific Decadal Oscillation (PDO), and Gleissberg sunspot cycle, respectively.  The 
uncertainty in the chronology makes assigning the periodicities to a particular band 
difficult as changes to the chronology shifts the periodicities. 
 
3.5 El Malpais Tree-Ring Record 
The El Malpais record [Grissino-Mayer, 1996] is a well-replicated and annually 
resolved tree-ring width index that reconstructs precipitation in northwest New Mexico 
for the last two millennia.  The primary climate signal in this tree-ring index is annual 
precipitation (previous July to current July; 58% of the variance) [Grissino-Mayer, 1996].  
The trees sampled in this study survive in an area isolated by rugged lava fields in El 
Malpais National Monument in New Mexico (35ºN, 108ºW; see figure 2.1 for location), 
a location where natural and anthropogenic impacts are minimal, thus enhancing tree 
longevity and preserving dead wood [Grissino-Mayer, 1996; Grissino-Mayer et al., 
1997].  The 2129-year long El Malpais time series contains 248 tree-ring width series 
from long-lived trees collected from live trees and sub fossil wood [Grissino-Mayer, 
1996].  The average series length is 391 years, and 76 series are over 500 years in length; 
therefore, this time series can examine multi-decadal climate variability [Grissino-Mayer, 
1996].  The age control is incremental counting of annual rings in each sample that are 
cross-dated between samples using dendrochronology methods to ensure an accurate 
chronology.  The El Malpais tree-ring index has a high interseries correlation (0.86) 
compared to other Southwestern US tree-ring chronologies thus reflecting a common 
signal between the series [Grissino-Mayer, 1996].  The El Malpais tree-ring index has 
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high-quality chronology and the index was constructed to preserve low frequency climate 
variability; therefore, an excellent example of a tree-ring based climate reconstruction. 
A tree-ring index is not composed of individual measurements but an average of 
many tree-ring width measurements for a particular year, in which the number of 
measurements varies with time (Figure 3.2).  The number of trees needed to reconstruct a 
climate signal depends on the sensitivity of the trees to climate variability.  For example, 
trees from arid environments, such as El Malpais, tend to be highly sensitive to variations 
in precipitation; therefore, the number of trees (≥4) needed is less than non-arid regions 
[Briffa and Jones, 1990].  Prior to AD 103, only one tree was sampled and these data 
were excluded from this analysis.  Most tree-ring records have a large number of series in 
the younger section of the record because live trees are readily available.  Older subfossil 
and remnant wood is typically scarce; therefore, less series are included in the older 
portions of the record (Figure 3.2a).  Therefore, the number of series averaged into the 
tree-ring width index decreases with time.  The influence of the decreasing number of 
series is investigated further (Figures 3.2 and 3.3). 
Before the individual series are averaged into the index, additional mathematical 
treatments are applied.  Each series of raw tree-ring width measurements contains a 
biological signal related to a tree’s growth that is removed in order to recover a climate 
signal.  Dendroclimatologists use different methods, depending on the type of 
reconstruction, to remove the growth signal.  In order to preserve centennial-scale 
variability in the El Malpais reconstruction, the growth trend was removed per series by 
either linear trend or negative exponential and standardized to a mean of one [Grissino-
Mayer, 1996].  The normalization ensures the index has a stable mean and variance in the 
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time domain regardless of the number of series per year.  The methods used to construct 
the tree-ring index may have a manifestation in frequency domain and this is investigated 
further. 
In contrast to the Dongge Cave record, the tree-ring records are dated to the 
calendar year with a constant one-year Δt; therefore, interpolation is not needed prior to 
spectral analysis.  MTM analysis of the El Malpais tree-ring time series reveals 
significant periodicities (95% confidence level) centered on ~410, 186, 90, 66, 35, 25, 20, 
and 16 years/cycle (Figure 3.2c).  In the higher frequencies (>0.2 cycles/year), the MTM 
spectrum resembles white noise (Figure 3.2c), which may be related to environmental 
and biological noise contained in the tree-ring width index.  The white noise floor is part 
of the background noise; therefore, it is included in the red noise model used to test for 
significance (Figure 3.2c).  Restricting the MTM calculation to just the red noise portion 
of the spectrum (>5 years/cycle) results in a change to the significance levels.  
Periodicities centered on ~186, 66, 35, 25, and 20 years/cycle are not significant (95% 
confidence level), whereas the 7 and 6 years/cycle are significant (Figure 3.2d).  An 
alternative method for removing the white noise floor is smoothing with a moving 
average (e.g., 3- or 4-year moving average).  The moving average alters the red noise 
slope for this time series, thus altering the significance levels.  The 4-year moving 
average has only two significant (95%) periodicities centered on ~125 and 6 years/cycle.  
Solutions that alter the background noise character of the spectrum may not be desirable 
as they move the frequency analysis further away from the true noise character of the 
time series. 
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Figure 3.2 El Malpais Tree-Ring 
Index [Grissino-Mayer, 1996]. 
(a) Number of series.  Only one 
tree was sampled prior to AD 103 
and this data was excluded.  (b) 
Tree-ring index [Grissino-Mayer, 
1996].  The index is the mean of 
detrended time series of tree-ring 
widths dendrochronologically 
dated from 248 samples.  Tree-
ring index was smoothed with a 
30-year finite impulse response 
(FIR) filter (90% pass at 50 years; 
black line).  The time series was 
split into three subsets of 630 
years (see Figure 3.3); average 
number series in (a).  (c) MTM 
spectrum (tapers = 5, resolution = 
3) [Thomson, 1982; Ghil et al., 
2002] of the tree-ring index.  
Confidence intervals estimated 
assuming a red noise background 
[Mann and Lees, 1996].  Linear 
trend was removed from the tree-
ring index.  Periodicities <5 
years/cycle resemble white noise.  The white noise floor is included in the background 
noise, thus influencing the red noise model used for testing confidence levels.  (d) 
Same as (c) but recalculated without periodicities <5 years/cycle.  The confidence 
intervals (95%) have shifted and some of the periodicities that were significant with 
the white noise floor are not significant after excluding the white noise floor (~186, 
~66, ~35, 25, and 20 years/cycle), whereas interannual periodicities (7 and 6 years/ 
cycle) are significant. 
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Figure 3.3 MTM Spectra of Subsets from the El Malpais Tree-Ring Index. 
The tree ring index (Figure 3.2b) was split into three subsets of 630 years to examine the 
influence of the number of series on the MTM spectrum (Figure 3.2c).  The linear trend 
was removed from each subset.  (a) The white noise floor in the interannual periodicities 
(<5 years/ cycle) is most likely the result of biological and environmental noise in the 
tree-ring record.  A divergence occurs in the centennial periodicities (>150 years/cycle) 
between the subsets.  (b) Expanded view of (a) for 5- to 150-years/cycle.  The prominent 
periodicities are not present in all the subsets and may be a function of the number of 
series or the periodicities may vary in time due to some mode of modulation. 
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The impact of the number of series included in the index was investigated by 
splitting the index into three subsets of 630 years, in which the average number of series 
decreases from 102 to 11 series (Figure 3.2a and b).  The white noise floor is present in 
each subset (Figure 3.3a) with the oldest, less replicated subset (103–732) having a more 
white noise character than the younger subsets (733–1362 and 1363–1992), which 
contain more series.  Averaging more series tends to reduce the environmental and 
biological noise contained in the tree-ring series.  A divergence occurs in the centennial–
scale periodicities (>150 years/cycle; Figure 3.3a) with a concentration of spectral power 
in the oldest subset (103–732).  The significant centennial periodicities in Figure 3.2 are 
combinations of the centennial power in the three subsets (Figure 3.3a) thus do not 
represent sustained periodicities that persist throughout the record.  These limitations 
have been noted for other tree-ring based reconstructions.  Briffa et al. [1996] note that 
the spectra are band-limited in the low frequencies to the degree that depends on the 
number of series, series length, and standardization models used to remove the growth 
trend.  Although the El Malpais time series contains series from many long-lived trees, as 
the number of series decreases with time, thus the ability to recover centennial-scale 
variability declines.  Therefore, the interpretation for this time series is limited to the 
periodicities between 5 to 150 years/cycle (Figure 3.3b). 
Further examination of the three temporal subsets found the significant 
periodicities in the entire time series (Figure 3.2) varies between subsets (Figure 3.3b).  
The periodicities bands centered on ~84 and 60 years/cycle are present in the two 
youngest and most replicated subsets.  The band centered on 25 years/cycle is present in 
the youngest and oldest subsets, whereas the band centered on 34 years/cycle is present in 
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the middle subset.  The band centered on 16 years/cycle is present in oldest subset and 
less replicated subset.  The bands centered on ~84 years/cycle and ~25 years/cycle are 
broadly similar to the Gleissberg cycle and the Pacific Decadal Oscillation (PDO).  The 
lack of a common periodicity in all subsets may be a function of the number of series, or 
the periodicities may vary in time. 
The El Malpais is an excellent precipitation reconstruction; however, 
understanding the limitations of the time series is needed for frequency domain 
interpretation.  The chronology error is minimal as tested by dendrochronological 
methods, yet the chronology error will increase as the number of series decreases.  For 
this reason, the earliest 240 years of the time series are excluded from the frequency 
analysis.  Additionally, the tree-ring index is an average and the error of an average 
increases as the number of series in the average decreases.  Therefore, the index error in 
the tree-ring record is not stable but increases with time.  Increasing the number of trees 
in the older portions of the record can improve the quality if older samples are available.  
Other methods for removing the biological growth signal, such as the Regional Curve 
Standardization [Briffa et al., 1992] and Age Band Decomposition [Briffa et al., 2001], 
may improve the reconstruction in the centennial bands.  Applying these methods to the 
El Malpais tree-ring width series, as well as increasing sample numbers in the older 
portions of the record, would be an interesting avenue for future research and may 
provide better spectral response in the centennial periodicities. 
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3.6 Analysis of Common Periodicities 
Periodicities in a time series may not exist as pure oscillations.  Local wavelet 
spectrums provide insight into understanding how periodicities vary with time.  As an 
example of various manifestations of periodicities in local wavelet spectrums, the Total 
Solar Irradiance (TSI) time series [Lean, 2000] is examined (Appendix H).  The TSI 
contains the 11-year sunspot cycle that is identified as a significant periodicity in the 
MTM spectrum (Appendix H).  The 11-year periodicity is a broad peak spanning 9.4 to 
12.7 years/cycle in the MTM spectrum; the result of the tradeoff between spectral 
resolution and leakage control.  The local wavelet spectrum (Appendix H) reveals how 
the sunspot cycle varies with time.  From 1830 to 2000, the wavelet spectral power is 
significant on the periods centered on ~11 years/cycle and the spectral power increases as 
the variance increases in the sunspot cycle into the late twentieth century (Appendix H); 
this is an example of persistent periodicity.  In the period from 1795 to 1825, the variance 
in the time series is reduced thus the spectral power is not significant, although the 11-
year cycle is still evident in the time series (Appendix H); this is an example of a 
periodicity modulating with time.  The period from 1645 to 1714 has minimal sunspot 
cycles and the local wavelet spectrum lack spectral power in this interval (Appendix H).  
Additionally, single events in a time series that contain a large amount variance can 
produce concentrations of power in the respective local wavelet spectra (Appendix F).  
These examples demonstrate that periodicities may be persistent, modulate in amplitude 
through time, or the result of a single large event.  An additional example of wavelet and 
cross-wavelet analysis between Southern Oscillation Index and the Niño 3.4 SST index is 
provided in Appendix I. 
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Wavelet analysis supports the observations made for subsets of the El Malpais 
time series (cf. Figure 3.3 and Figure 3.4c).  The periodicity centered on ~84 years/cycle 
has concentrations of spectral power in period from 1500 to 1700; the youngest subset.  
The periodicity centered on ~60 years/cycle has concentrations of spectral power in the 
1300s and 1550 to 1700; the two youngest subsets.  The periodicity centered on ~34 
years/cycle has concentrations of spectral power in 750 and 1100 to 1300; the middle 
subset.  The periodicity centered on ~25 years/cycle has concentrations of spectral power 
in the youngest and oldest subsets and the interdecadal periodicities in the youngest 
subsets.  Similarly, the local wavelet spectrum for the Dongge Cave time series (Figure 
3.4c) reveals the periodicity centered on ~69 years/cycle has significant power 
concentrated in the period from 1400 to 1620s.  Additionally, in ~1578, a range of 
periodicities (~20–70 years/cycle) have significant spectral power and maybe related to a 
single drought event (Figure 3.4a).  The interdecadal and multi-decadal periodicities in 
the Dongge cave time series appear to modulate in amplitude with time (Figure 3.4c). 
Spectral analysis of the Dongge Cave and El Malpais time series revealed that 
multi-decadal periodicities could be recovered from each time series with some caveats.  
The chronology of the Dongge Cave time series has error associated with the 230Th 
determinations, which results in the significant periodicities shifting in frequency domain.  
Conversely, the tree-ring time series has error that increases with time, which band limits 
the spectral analysis.  Nonetheless, both time series have broadly similar periodicities, 
namely the 69 to 84-years/cycle bands, and the band centered on ~25 years/cycle.  As 
these time series have the same significant periodicities, they do not necessarily share 
coherence in either the time or the frequency domain. 
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Figure 3.4 Cross-Wavelet Analyses. 
(a) The El Malpais time series [Grissino-Mayer, 1996] was averaged every four years to 
match the 4-year linearly interpolated Dongge Cave time series [Wang et al., 2005].  The 
linear trend was removed from each series then normalized by respective standard 
deviation.  The local wavelet power spectra using the Morlet mother wavelet and 
normalized by 1/σ2 [Torrence and Compo, 1998] for El Malpais (b) and Dongge Cave 
(c).  (d) Cross-wavelet transform (XWT) and (e) squared wavelet coherence (WTC) 
[Torrence and Compo, 1998; Grinsted et al., 2004] for period common to both time 
series (100 to 1759).  The relative phase is shown as in-phase arrow pointing to the right.  
The XWT finds regions in the time-frequency domain where the series share common 
power.  The WTC finds regions in time-frequency domain where the time series co-vary 
but do not necessarily share significant spectral power.  The heavy black line is the cone 
of influence and the area under cone should be interpreted with caution due to edge 
effects.  The thin black contour lines enclose time-frequency regions of greater than 90% 
confidence level estimated assuming a red noise background AR(1). 
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In order to perform cross-spectral and cross-wavelet analyses, both series must 
have a common time scale (102 to 1758) and Δt (4 years).  The speleothem time series 
was interpolated to 4-year Δt and the tree-ring time series was averaged every four years.  
Cross-spectral analysis did not identify significance coherence for these periodicities 
(~80 and 25 years/cycle) for the period common to both records (Appendix G).  Other 
significant coherent periodicities (95% level) were identified at ~33, ~22, and ~10 
years/cycle; ~22 and ~10 years/cycle are in-phase between the records (Appendix G).  
The cross-wavelet transform spectrum (Figure 3.4d) reveals shared spectral power 
between the two time series in the late 1500s, which coincide with a large drought event 
in both the Dongge and El Malpais time series (Figure 3.4a).  Otherwise, there is very 
little significant coherence between the time series.  This is not surprising since both time 
series are located on opposite sides of the globe and share little in the way of internal 
climate forcing.  These results are not conclusive; in order to conduct the cross-spectral 
and cross-wavelet analyses both time series were transformed to the same time scale and 
these transformations alter the spectral character of the time series thus may alter the 
results. 
 
3.7 Conclusions 
Time series analysis of paleoclimate time series should consider how 
mathematical treatments of the time series alter the frequency domain spectrum of the 
record, thus altering the results of those analyses.  Furthermore, the mechanics of how a 
time series is constructed may also influence the spectral character of that record; 
therefore must be considered for their influence on frequency analysis.  The 
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implementation of multiple spectral methods, which utilize different treatments of the 
data, can provide insight into the true frequency domain character of the time series.  For 
example, FFT and MTM both require even ∆t to evaluate the spectrum, whereas Lomb-
Scargle spectrum can evaluate a series with uneven ∆t.  FFT and MTM assume the series 
is stationary, a stable mean via removing the trend, whereas wavelet analysis does not.  
The identified significant periodicities may be persistent, modulate through time, or may 
be the result of a single large event.  The use of time-frequency based analyses can 
provide insight into the nature of the shared periodicities between time series.  Finally, 
identification of common periodicities between time series is not enough to determine 
coherence in both time and frequency domain.  Correlation analysis in the time domain 
with cross-spectral and cross-wavelet analysis can investigate if the common periodicities 
are truly coherent in both the time and frequency domain.   
The motivation for this research was to see if it was possible to detect a common 
signal in paleoclimate records that may be related to solar variability.  The two records 
investigated did not provide conclusive evidence for a common periodicity.  This does 
not indicate a lack of solar forcing, merely the methods used to construct the paleoclimate 
records and the methods used to detect common signals may not have the skill required to 
detect these signals.  The Dongge Cave time series is a highly resolved speleothem 
record, yet the uncertainty in the chronology hinders detection of sub-centennial 
variability.  The El Malpais record is a well-replicated tree-ring records from long-lived 
trees but biological noise in the older portions of the records reduce the skill in the 
detecting centennial and interdecadal periodicities.  Further research, such as developing 
a cross-wavelet type analysis for time series with uneven time intervals, would provide an 
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analysis without transforming the time series to the same timescale; thus minimizing the 
impact of mathematical treatments to the time series. 
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4 Concluding Summary 
Each type of paleoclimate proxy record examined in this study had different limits 
on how that time series can be interpreted.  For corals, tree-ring, and speleothem time 
series, the methods used to capture the signal in the proxy record may influenced the 
interpretation.  Corals are sensitive to micro-sampling methods that can alter both the 
climate signal and chronology.  Interpretation of tree-ring indices should consider how 
the number of series varies with time, as well as how the growth-related signal was 
removed.  Speleothem records can be highly resolved; however, chronology control is not 
per sample and interpolation methods used to convert from the depth domain to the time 
domain may alter the character of the time series in the frequency domain. 
For the records examined in this study, the coral record from New Caledonia and 
the speleothem record from China are capable of recording centennial-scale variability, 
whereas the El Malpais tree-ring record exhibits a divergence in the centennial time 
scales that may be a function of growth-related effects or variations in the number of 
series with time.  On decadal time-scales, all three records revealed significant multi-
decadal signals; however, the Dongge Cave record produced different significant 
periodicities depending on age model.  Both the New Caledonia and El Malpais time 
series are annually resolved; however, annual resolution does not necessarily guarantee 
capturing an interannual signal.  The spectrum of the tree-ring time series had a white 
noise character in interannual bands related to biological noise.  The methods used to 
construct the El Malpais record were optimized for capturing low frequency variability, 
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not interannual variability.  The wavelet spectrum of the New Caledonia coral time series 
revealed significant concentrations of interannual variance in the twentieth century.  This 
concentration may be real, or the sensitivity of the coral has varied on the interannual 
time scales.  Instrumental records reveal an increase in ENSO variability for the past 160 
years; thus, the concentration of interannual variability in the New Caledonia time series 
may be real. 
The spectral analyses performed in this study found the determination of 
significance varies with data treatments.  The conversion from depth domain to time 
domain in the Dongge time series altered the red noise spectrum thus the confidence 
levels.  The white noise in the interannual periodicities of the El Malpais record altered 
the noise character of the spectrum resulting in different significant periodicities when the 
interannual periodicities were excluded.  Similar tests for depth to time conversion and 
excluding high frequencies in the New Caledonia spectrum did not produce changes in 
the significant periodicities. 
This study used a combination of spectral analysis methods to investigate time 
series in the frequency domain.  The use of local wavelet spectra to reveal concentrations 
of variance as a function of time provided additional insight.  Significant periodicities 
identified in the MTM or FFT spectrums were present in the wavelet spectrums; 
however, wavelet analysis revealed that these significant periodicities were not 
necessarily oscillations.  The significant periodicities were nearly persistent, modulating 
with time, or related to a single large event.  The non-persistent significant periodicities 
confounded the cross-spectral and cross-wavelet analysis.  For example: the Dongge 
Cave and El Malpais time series shared common significant periodicities in the cross-
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spectra; however, the significant periodicities in each record modulate with time and do 
not correlate in the time domain except for small concentrations of shared variance that 
may be related to a single event or stochastic processes. 
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Appendix A Coral X radiograph Images with Sampling Paths. 
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Appendix A (Continued) Coral X radiograph Images with Sampling Paths. 
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Appendix A (Continued) Coral X radiograph Images with Sampling Paths. 
(a) Positive X radiograph images of Porites lutea coral slabs from three cores (99-PAA, 
92-PAA1, and 92-PAA2).  92-PAA2 appears on second page.  Core identifiers appear 
across the top and sides.  Years were determined by cross dating and counting annual 
density bands.  Sampling paths are approximately parallel to the coral’s maximum 
growth axis.  Sampling paths used in this study and previous studies are indicated by 
solid lines (see legend).  (b) Thin section photomicrographs viewed under (left top) cross-
polarized light plane and (right top) transmitted light (field of view equals 2.6 mm).  
Scanning electron microscope (SEM) images magnified by 45 (left bottom) and 200 
(right bottom).  Thin sections and SEM images were examined for the presence of 
secondary minerals; none were observed. 
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Appendix B Uranium and Thorium Isotopic Compositions and 230Th ages for Corals by ICP-MS. 
 238U 232Th δ234U [230Th/238U] [230Th/232Th] Age Age δ 234Uinitial Sr/Ca-ADB 
ID ppb ppt measureda activityc ppmd uncorrected corrected c,e,f corrected Ageg 
92-PAA1-A 3028 ± 11 318.7 ± 1.4 145.3 ± 2.1 0.00024 ± 0.00001 37.1 ± 1.2 22.6 ± 0.7 18.6 ± 1.1 145.3  ± 2.1 18 ±0.5 
92-PAA1-B 2772 ± 8 426.8 ± 1.6 146.3 ± 1.9 0.00046 ± 0.00001 49.0 ± 1.0 43.5 ± 0.9 37.8 ± 1.5 146.3  ± 1.9 37 ±0.5 
92-PAA1-C 2795 ± 8 341.4 ± 1.2 145.9 ± 1.7 0.00078 ± 0.00001 105.7 ± 1.2 74.6 ± 0.8 70.0 ± 1.2 145.9  ± 1.7 68 ±0.5 
92-PAA1-F1 2906 ± 11 6203.2 ± 17.9 146.5 ± 2.0 0.00242 ± 0.00004 18.7 ± 0.3 230.6 ± 4.1 150.5 ± 16.5 146.5  ± 2.0 153 ±0.5 
92-PAA1-F2 2870 ± 12 589.1 ± 1.9 144.0 ± 2.3 0.00192 ± 0.00002 154.2 ± 1.5 183.1 ± 1.9 175.4 ± 2.4 144.1  ± 2.3 174 ±0.5 
92-PAA1-G 2887 ± 9 271.4 ± 0.9 145.2 ± 2.0 0.00238 ± 0.00002 417.6 ± 3.1 226.9 ± 1.7 223.3 ± 1.9 145.3  ± 2.0 221 ±1.0 
92-PAA1-H 2859 ± 15 3575.4 ± 12.4 148.0 ± 2.7 0.00344 ± 0.00005 45.5 ± 0.6 328.1 ± 4.8 281.2 ± 10.5 148.1  ± 2.7 295 ±1.0 
92-PAA1-K 2914 ± 12 736.7 ± 1.8 146.4 ± 2.3 0.00265 ± 0.00002 172.9 ± 1.2 252.5 ± 2.0 243.0 ± 2.7 146.5  ± 2.3 244 ±1.0 
92-PAA1-M 2870 ± 12 762.2 ± 1.7 144.9 ± 2.2 0.00337 ± 0.00003 209.6 ± 1.4 322.0 ± 2.6 312.0 ± 3.3 145.1  ± 2.2 311 ±1.0 
92-PAA1-O 2933 ± 11 1371.9 ± 4.2 145.0 ± 2.0 0.00361 ± 0.00003 127.5 ± 1.0 344.9 ± 2.8 327.4 ± 4.5 145.1  ± 2.0 338 ±2.0 
92-PAA1-A 2931 ± 11 18.9 ± 0.6 148.5 ± 2.3 0.00020 ± 0.00001 502 ± 33 18.6 ± 1.1 18.4 ± 1.1 148.5  ± 2.3 18 ±0.5 
92-PAA1-B 2815 ± 9 53.4 ± 1.0 145.5 ± 2.7 0.00043 ± 0.00002 372 ± 15 40.8 ± 1.5 40.1 ± 1.5 145.5  ± 2.7 37 ±0.5 
92-PAA1-C 2731 ± 11 20.3 ± 0.8 145.8 ± 2.9 0.00074 ± 0.00002 1632 ± 75 70.2 ± 1.7 69.9 ± 1.7 145.8  ± 2.9 68 ±0.5 
92-PAA1-E 3023 ± 14 39.3 ± 0.6 145.1 ± 2.9 0.00111 ± 0.00002 1405 ± 36 105.5 ± 2.1 105.0 ± 2.1 145.2  ± 2.9 101 ±0.75 
92-PAA1-F1 2913 ± 12 19.8 ± 0.7 144.9 ± 2.8 0.00161 ± 0.00003 3914 ± 156 153.7 ± 3.1 153.4 ± 3.1 144.9  ± 2.8 153 ±0.5 
92-PAA1-M 2775 ± 9 14.7 ± 1.1 144.6 ± 2.4 0.00332 ± 0.00005 10357 ± 757 316.8 ± 4.7 316.6 ± 4.7 144.7  ± 2.4 311 ±1.0 
92-PAA1-O 2912 ± 10 23.9 ± 1.0 142.7 ± 2.4 0.00348 ± 0.00010 7009 ± 349 332.9 ± 10.0 332.6 ± 10.0 142.9  ± 2.4 338 ±2.0 
Analytical errors are 2σ of the mean. 
aδ234U = ([234U/238U]activity – 1) x 1000. 
bδ234Uinitial corrected was calculated based on 230Th age (T), i.e., δ234Uinitial = δ234Umeasured X eλ234*T, and T is corrected age. 
c[230Th/238U]activity = 1 - e-λ230T + (δ 234Umeasured/1000)[ λ230/( λ 230 - λ 234)](1 - e-(λ 230 - λ 234) T), where T is the age. 
Decay constants are 9.1577 x 10-6 yr-1 for 230Th, 2.8263 x 10-6 yr-1 for 234U, and 1.55125 x 10-10 yr-1 for 238U [Cheng et al., 2000]. 
d The degree of detrital 230Th contamination is indicated by the [230Th/232Th] atomic ratio instead of the activity ratio. 
e Age corrections were calculated using an estimated 230Th/232Th atomic ratio (6.50 x 10-6 ± 1. x 10-6) 
f  Chemistry was done on July 13, 2005; calculate banding age with 2005.54. 
Those are the values for a material at secular equilibrium, with the crustal 232Th/238U value of 3.8.  The errors are arbitrarily assumed 
to be 50%. 
g The coral Sr/Ca and annual density band age determined by cross dating the two intra-colony cores (92-PAA1 and 92-PAA2).  Error 
is the estimated spread for each sample determined by examining the coral and X radiographs (i.e., sample contains ~1 ± 0.5 year. 
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Appendix C Coral Sr/Ca Reproducibility and Suboptimal Sampling. 
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Appendix C (Continued) Coral Sr/Ca Reproducibility and Suboptimal Sampling. 
Sections (a) and (b) are the same as Figure 2.2 except for select sections (gray boxes), 
which did not reproduce between the cores, with sampling issues that were resolved in 
the final record in Figure 2.2.  (c) The annual sampled length is the distance between 
winter maximum coral Sr/Ca values determined from the time-adjusted depth record, 
shown as departures from the mean (1 cm/year).  The sampling length resolution is 
limited by the sampling interval (0.70, 0.83 mm for 92-PAA1 and 92-PAA2, 
respectively).  The sampling length for each annual cycle approximates annual linear 
extension when the sampling path is parallel to the corallite walls and along the central 
growth axis of the corallite fan; deviations will result in erroneous extension rates.  In the 
highlighted sections, examination of the coral found the corallite orientation relative to 
the sampling path were either disorganized or transverse the sampling path (cf. inset 
pictures).  Sampling length was monitored for indications of sampling problems.  
Sections with reduced sampling length (<0.5 cm/year; gray dash line) may be the result 
of sampling off the maximum growth axis or disorganized corallites.  New paths were 
sampled with optimal corallite alignment and agreement improved between cores.  If no 
optimal path was available, that section was removed from the final record. 
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Appendix D Examples of Corallite Angle to Sampling Path. 
 
 
 
Appendix D Examples of Corallite Angle to Sampling Path. 
(a) Coral slab and sampling path with direction conventions used.  (b) An idealized 
Porites extending corallite fan as described by Darke and Barnes [1993].  This study 
found the monthly coral Sr/Ca variations between coeval paths are within analytical 
precision when the coral is sampled along the central growth axis and the orientation of 
the sampling path is approximately parallel to the direction of extending corallites 
(optimal sampling path).  Discrepancies between coeval coral Sr/Ca determinations can 
be explained by examining the corallite orientation along sampling path.  (a) Corallites 
that transect the sampling path in the depth dimension (z), tend to have lower (i.e., 
warmer) coral Sr/Ca values.  (b) The central axis of the extending corallite fan contains 
the winter signal, when growth decreases, whereas the spreading corallite fan contains the 
summer signal, when coral growth increases [Darke and Barnes, 1993].  A sampling path 
along the outward radiation of the fan results in failure to capture winter deposition. 
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Appendix E Coral δ18O Variations. 
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Appendix E (Continued) Coral δ18O Variations. 
(a) The monthly intracolony δ18O anomalies include: 92-PAA1 (1668–1679, 1866–1879, 
1898–1910, and 1921–1992), 92-PAA2 (1732–1742, 1877-1881), and 99-PAA (1965-
1999).  Seasonal δ18O are from 92-PAA1 [Quinn et al., 1998] using the updated 
chronology from this study, which was cross-dated between intracolony coral Sr/Ca 
variations.  The monthly and seasonal coral δ18O anomalies were determined with respect 
to 1967–1992 climatology (vertical gray box).  The records were smoothed with a 24-
month low pass FIR filter (90% pass at 40 months).  (b) The annual sampling length for 
92-PAA1, same as Appendix C.  The monthly and seasonal coral δ18O between 92-PAA1 
and 92-PAA2 from 1732 to 1742 do not agree (inset graph); this section did not replicate 
in the intracolony coral Sr/Ca record (Appendix C) and the Sr/Ca determinations were 
replaced with samples from new optimal sampling paths.  Isotopic analyses are in 
progress, for the sections that were replaced in the final coral Sr/Ca record, to assess the 
influence of suboptimal corallite alignment on coral δ18O. 
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Appendix F Local Wavelet Power of a Single Event. 
 
 
 
(a) Coral Sr/Ca SST monthly 
anomalies and (b) local wavelet power 
spectrum, same as Figure 7.  (c) The 
Volcanic Explosivity Index (VEI) 
[Crowley, 2000] and (d) local wavelet 
power spectrum.  (e) MTM spectrum 
of VEI (tapers =2, resolution =3).  The 
large volcanic events represented by 
spikes produce interannual and 
decadal concentrations of variance in 
the local wavelet spectrum (d) and 
significant interannual periodicities in 
the MTM spectrum (e).  This is an 
example of how a single large event 
can manifest significant 
concentrations of variance in a 
spectrum. 
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Appendix G Cross-spectral Analysis of the El Malpais Tree Ring Index and the Dongge 
Cave δ18O Speleothem Time Series. 
 
 
 
(a) FFT spectra smoothed over 7-bands.  Red lines represent 95% confidence interval.  
(b) Cross spectrum with 95% confidence intervals.  (c) Coherence squared between El 
Malpais and Dongge Cave spectra (d) Cross-spectral phase of significantly coherent 
frequencies identified in (c).  The El Malpais record was averaged every four years to 
match the 4-year linearly interpolated Dongge Cave record.  The linear trend was 
removed from both series and normalized by their respective standard deviations. 
 110 
Appendix H An Example of Time-Frequency Analysis. 
 
 
 
 
 
(a) The normalized annual total solar 
irradiance (TSI; W/m2) without 
background component [Lean, 2000].  
(b) The local wavelet power spectrum 
using the Morlet mother wavelet and 
normalized by 1/σ2 [Torrence and 
Compo, 1998].  The heavy black line 
is the cone of influence and the area 
under cone should be interpreted with 
caution due to edge effects that result 
from zero padding.  The thin black 
contour lines enclose time-frequency 
regions of greater than 95% 
confidence interval estimated 
assuming a red noise background 
AR(1).  (c) MTM spectrum (tapers = 
3, resolution = 5) [Thomson, 1982; 
Ghil et al., 2002].  The MTM reveals 
significant (99%) spectral power in 
the band centered on ~11-years/cycle (spans 9.4–12.7 years/cycle).  The TSI contains 
the modulating 11-year sunspot cycle (b).  The twentieth century has the highest 
concentration of variance.  The period from AD 1645 to 1714 has no sunspots cycles 
and no wavelet power.  Similarly, the period from AD 1795 to 1825 has a reduced 
variance and the wavelet graph reveals a reduced concentration of variance. 
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Appendix I Cross-Wavelet Analysis of the Southern Oscillation Index (SOI) and Niño 
3.4 Index. 
 
(a) SOI is computed using standardized monthly mean sea level pressure anomalies (mb) 
at Tahiti, French Polynesia and Darwin, Australia [Trenberth, 1984].  The SOI values 
prior to 1935 should be used with caution; there are questions regarding the consistency 
and quality of the Tahiti pressure values prior to 1935 [Trenberth, 1997].  The Niño 3.4 is 
the monthly SST anomalies (ºC) for the region 5ºN–5ºS, 120º–170ºW [Kaplan et al., 
1998 ].  Both series were normalized by their respective standard deviations.  (b) The 
local wavelet power spectrum using the Morlet mother wavelet and normalized by 1/σ2 
[Torrence and Compo, 1998] for SOI (b) and Niño 3.4 (c) for the common period 1866 to 
2005.  (d) Cross-wavelet transform (XWT) and (e) squared wavelet coherence (WTC) 
[Torrence and Compo, 1998; Grinsted et al., 2004].  The relative phase is shown as in-
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phase arrow pointing to the right.  The XWT finds regions in the time-frequency domain 
where the time series share common power.  The WTC finds regions in time-frequency 
domain where the time series co-vary but do not necessarily share significant power.  The 
heavy black line is the cone of influence and the area under cone should be interpreted 
with caution due to edge effects that result from zero padding.  The thin black contour 
lines enclose time-frequency regions of greater than 95% confidence interval estimated 
assuming a red noise background AR(1).  SOI data from 
http://www.cgd.ucar.edu/cas/catalog/climind/SOI.signal.ascii and Niño 3.4 from 
http://iridl.ldeo.columbia.edu/SOURCES/.Indices/.nino/.EXTENDED/.NINO34/. 
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Appendix J Monthly Coral Sr/Ca from Two Intra-Colony Cores. 
 
 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 99PAA 
1999.79   9.207 
1999.71   9.253 
1999.63   9.322 
1999.54   9.234 
1999.46   9.163 
1999.38   9.105 
1999.29   9.041 
1999.21   8.991 
1999.13   9.035 
1999.04   9.033 
1998.96   9.075 
1998.88   9.118 
1998.79   9.161 
1998.71   9.197 
1998.63   9.215 
1998.54   9.173 
1998.46   9.130 
1998.38   9.089 
1998.29   9.055 
1998.21   9.050 
1998.13   9.042 
1998.04   9.064 
1997.96   9.123 
1997.88   9.186 
1997.79   9.226 
1997.71   9.263 
1997.63   9.296 
1997.54   9.275 
1997.46   9.285 
1997.38   9.284 
1997.29   9.263 
1997.21   9.225 
1997.13   9.185 
1997.04   9.191 
1996.96   9.200 
1996.88   9.213 
1996.79   9.240 
1996.71   9.266 
1996.63   9.288 
1996.54   9.281 
1996.46   9.238 
1996.38   9.145 
Year 92PAA1 92PAA2 99PAA 
1996.29   9.075 
1996.21   8.959 
1996.13   8.911 
1996.04   8.947 
1995.96   9.014 
1995.88   9.104 
1995.79   9.177 
1995.71   9.254 
1995.63   9.285 
1995.54   9.255 
1995.46   9.201 
1995.38   9.167 
1995.29   9.137 
1995.21   9.097 
1995.13   9.088 
1995.04   9.148 
1994.96   9.186 
1994.88   9.238 
1994.79   9.287 
1994.71   9.314 
1994.63   9.316 
1994.54   9.270 
1994.46   9.228 
1994.38   9.182 
1994.29   9.188 
1994.21   9.130 
1994.13   9.067 
1994.04   9.079 
1993.96   9.130 
1993.88   9.172 
1993.79   9.214 
1993.71   9.292 
1993.63   9.303 
1993.54   9.277 
1993.46   9.240 
1993.38   9.205 
1993.29   9.158 
1993.21   9.112 
1993.13   9.097 
1993.04   9.125 
1992.96   9.165 
1992.88   9.215 
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Year 92PAA1 92PAA2 99PAA 
1992.79   9.256 
1992.71   9.276 
1992.63 9.230 9.256 9.279 
1992.54 9.216 9.204 9.264 
1992.46 9.164 9.170 9.200 
1992.38 9.161 9.149 9.140 
1992.29 9.140 9.098 9.118 
1992.21 9.041 9.051 9.096 
1992.13 9.006 9.051 9.079 
1992.04 9.059 9.056 9.111 
1991.96 9.113 9.140 9.149 
1991.88 9.169 9.219 9.191 
1991.79 9.243 9.244 9.243 
1991.71 9.268 9.273 9.253 
1991.63 9.280 9.301 9.274 
1991.54 9.268 9.258 9.245 
1991.46 9.265 9.227 9.249 
1991.38 9.213 9.224 9.199 
1991.29 9.130 9.172 9.143 
1991.21 9.059 9.061 9.100 
1991.13 9.042 8.997 9.073 
1991.04 9.083 9.059 9.105 
1990.96 9.126 9.133 9.133 
1990.88 9.173 9.198 9.168 
1990.79 9.241 9.255 9.220 
1990.71 9.241 9.311 9.266 
1990.63 9.239 9.265 9.232 
1990.54 9.228 9.265 9.213 
1990.46 9.181 9.239 9.190 
1990.38 9.112 9.143 9.122 
1990.29 9.066 9.053 9.059 
1990.21 9.010 8.987 9.030 
1990.13 8.984 8.967 8.995 
1990.04 9.034 9.002 9.001 
1989.96 9.089 9.067 9.074 
1989.88 9.133 9.151 9.138 
1989.79 9.169 9.205 9.219 
1989.71 9.201 9.236 9.256 
1989.63 9.229 9.247 9.288 
1989.54 9.225 9.241 9.271 
1989.46 9.200 9.218 9.218 
1989.38 9.174 9.191 9.195 
Year 92PAA1 92PAA2 99PAA 
1989.29 9.135 9.161 9.130 
1989.21 9.081 9.098 9.080 
1989.13 9.079 9.041 9.041 
1989.04 9.028 9.051 8.998 
1988.96 9.048 9.057 9.067 
1988.88 9.106 9.133 9.108 
1988.79 9.172 9.209 9.163 
1988.71 9.200 9.251 9.204 
1988.63 9.229 9.285 9.233 
1988.54 9.212 9.255 9.257 
1988.46 9.192 9.186 9.204 
1988.38 9.168 9.116 9.144 
1988.29 9.141 9.095 9.095 
1988.21 9.137 9.017 9.093 
1988.13 9.131 9.034 9.072 
1988.04 9.144 9.053 9.059 
1987.96 9.153 9.115 9.102 
1987.88 9.178 9.177 9.148 
1987.79 9.234 9.226 9.195 
1987.71 9.285 9.274 9.232 
1987.63 9.326 9.316 9.267 
1987.54 9.293 9.254 9.276 
1987.46 9.245 9.237 9.222 
1987.38 9.185 9.181 9.195 
1987.29 9.125 9.117 9.092 
1987.21 9.072 9.081 9.009 
1987.13 9.102 9.093 9.017 
1987.04 9.119 9.128 9.087 
1986.96 9.135 9.182 9.133 
1986.88 9.163 9.196 9.183 
1986.79 9.259 9.259 9.234 
1986.71 9.308 9.332 9.336 
1986.63 9.305 9.307 9.312 
1986.54 9.239 9.281 9.287 
1986.46 9.196 9.222 9.209 
1986.38 9.144 9.193 9.152 
1986.29 9.129 9.150 9.124 
1986.21 9.016 9.008 9.018 
1986.13 8.956 8.935 8.916 
1986.04 8.964 8.900 8.915 
1985.96 9.069 9.086 9.043 
1985.88 9.130 9.188 9.171 
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Year 92PAA1 92PAA2 99PAA 
1985.79 9.228 9.254 9.254 
1985.71 9.277 9.295 9.337 
1985.63 9.314 9.324 9.292 
1985.54 9.301 9.286 9.319 
1985.46 9.217 9.230 9.198 
1985.38 9.146 9.095 9.087 
1985.29 9.051 9.072 9.034 
1985.21 9.008 8.982 8.954 
1985.13 8.955 8.987 8.952 
1985.04 8.996 8.955 8.957 
1984.96 9.052 9.054 9.050 
1984.88 9.146 9.191 9.133 
1984.79 9.231 9.220 9.226 
1984.71 9.285 9.322 9.289 
1984.63 9.303 9.353 9.314 
1984.54 9.287 9.313 9.299 
1984.46 9.241 9.263 9.252 
1984.38 9.205 9.196 9.201 
1984.29 9.123 9.126 9.156 
1984.21 9.101 9.082 9.121 
1984.13 9.115 9.106 9.124 
1984.04 9.114 9.103 9.143 
1983.96 9.105 9.156 9.145 
1983.88 9.138 9.160 9.163 
1983.79 9.172 9.205 9.247 
1983.71 9.267 9.284 9.286 
1983.63 9.339 9.355 9.292 
1983.54 9.264 9.282 9.255 
1983.46 9.217 9.212 9.194 
1983.38 9.102 9.078 9.097 
1983.29 9.049 9.035 9.045 
1983.21 9.044 9.043 9.079 
1983.13 9.018 9.042 9.049 
1983.04 9.003 9.026 9.025 
1982.96 9.050 9.079 9.071 
1982.88 9.139 9.165 9.130 
1982.79 9.267 9.285 9.204 
1982.71 9.327 9.329 9.280 
1982.63 9.385 9.369 9.350 
1982.54 9.340 9.337 9.285 
1982.46 9.290 9.262 9.241 
1982.38 9.179 9.191 9.162 
Year 92PAA1 92PAA2 99PAA 
1982.29 9.127 9.128 9.087 
1982.21 9.080 9.076 9.038 
1982.13 9.076 9.035 9.042 
1982.04 9.062 9.000 9.033 
1981.96 9.127 9.053 9.081 
1981.88 9.226 9.107 9.142 
1981.79 9.264 9.194 9.216 
1981.71 9.299 9.280 9.261 
1981.63 9.326 9.304 9.295 
1981.54 9.352 9.323 9.315 
1981.46 9.240 9.250 9.232 
1981.38 9.167 9.163 9.157 
1981.29 9.102 9.108 9.095 
1981.21 9.059 9.036 9.041 
1981.13 9.013 8.948 9.007 
1981.04 9.102 9.065 9.019 
1980.96 9.158 9.130 9.058 
1980.88 9.246 9.166 9.126 
1980.79 9.253 9.263 9.190 
1980.71 9.326 9.322 9.263 
1980.63 9.343 9.338 9.322 
1980.54 9.276 9.250 9.241 
1980.46 9.268 9.186 9.168 
1980.38 9.208 9.134 9.102 
1980.29 9.089 9.081 9.037 
1980.21 9.019 9.028 8.973 
1980.13 9.009 8.982 8.962 
1980.04 9.057 9.040 8.993 
1979.96 9.136 9.096 9.081 
1979.88 9.206 9.137 9.172 
1979.79 9.280 9.254 9.262 
1979.71 9.330 9.337 9.252 
1979.63 9.359 9.346 9.346 
1979.54 9.314 9.308 9.303 
1979.46 9.243 9.228 9.215 
1979.38 9.216 9.227 9.180 
1979.29 9.137 9.158 9.062 
1979.21 9.084 9.090 9.008 
1979.13 9.058 9.029 9.121 
1979.04 9.149 9.101 9.119 
1978.96 9.138 9.157 9.133 
1978.88 9.232 9.211 9.245 
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Year 92PAA1 92PAA2 99PAA 
1978.79 9.293 9.298 9.276 
1978.71 9.309 9.371 9.298 
1978.63 9.356 9.397 9.317 
1978.54 9.309 9.291 9.266 
1978.46 9.250 9.221 9.179 
1978.38 9.193 9.156 9.152 
1978.29 9.143 9.112 9.122 
1978.21 9.124 9.098 9.090 
1978.13 9.103 9.081 9.053 
1978.04 9.115 9.142 9.082 
1977.96 9.153 9.204 9.127 
1977.88 9.209 9.253 9.175 
1977.79 9.277 9.302 9.242 
1977.71 9.328 9.353 9.314 
1977.63 9.349 9.384 9.345 
1977.54 9.283 9.342 9.296 
1977.46 9.260 9.227 9.186 
1977.38 9.201 9.179 9.160 
1977.29 9.149 9.136 9.130 
1977.21 9.144 9.097 9.101 
1977.13 9.105 9.088 9.087 
1977.04 9.081 9.065 9.018 
1976.96 9.115 9.098 9.064 
1976.88 9.147 9.131 9.110 
1976.79 9.214 9.212 9.234 
1976.71 9.301 9.294 9.306 
1976.63 9.334 9.359 9.304 
1976.54 9.356 9.424 9.304 
1976.46 9.230 9.200 9.228 
1976.38 9.142 9.078 9.140 
1976.29 9.063 9.035 9.083 
1976.21 9.018 9.003 8.997 
1976.13 9.052 9.068 9.013 
1976.04 9.048 9.080 9.025 
1975.96 9.071 9.107 9.014 
1975.88 9.142 9.140 9.072 
1975.79 9.184 9.165 9.126 
1975.71 9.296 9.214 9.232 
1975.63 9.314 9.334 9.342 
1975.54 9.280 9.324 9.275 
1975.46 9.224 9.258 9.200 
1975.38 9.163 9.180 9.168 
Year 92PAA1 92PAA2 99PAA 
1975.29 9.151 9.164 9.127 
1975.21 9.125 9.093 9.134 
1975.13 9.135 9.136 9.101 
1975.04 9.094 9.068 9.064 
1974.96 9.110 9.127 9.117 
1974.88 9.208 9.181 9.157 
1974.79 9.265 9.269 9.239 
1974.71 9.304 9.358 9.294 
1974.63 9.322 9.362 9.302 
1974.54 9.270 9.282 9.222 
1974.46 9.241 9.290 9.189 
1974.38 9.140 9.140 9.096 
1974.29 9.117 9.097 9.038 
1974.21 9.067 9.083 9.028 
1974.13 9.028 9.068 9.026 
1974.04 9.088 9.085 9.035 
1973.96 9.142 9.101 9.020 
1973.88 9.179 9.123 9.126 
1973.79 9.201 9.215 9.162 
1973.71 9.290 9.340 9.224 
1973.63 9.319 9.370 9.304 
1973.54 9.282 9.294 9.247 
1973.46 9.216 9.199 9.174 
1973.38 9.205 9.150 9.121 
1973.29 9.164 9.118 9.107 
1973.21 9.092 9.114 9.076 
1973.13 9.058 9.046 9.050 
1973.04 9.059 9.116 9.102 
1972.96 9.155 9.185 9.153 
1972.88 9.197 9.198 9.178 
1972.79 9.288 9.238 9.241 
1972.71 9.340 9.387 9.341 
1972.63 9.315 9.326 9.333 
1972.54 9.304 9.363 9.288 
1972.46 9.272 9.294 9.227 
1972.38 9.201 9.185 9.139 
1972.29 9.117 9.125 9.075 
1972.21 9.085 9.122 9.075 
1972.13 9.152 9.181 9.114 
1972.04 9.130 9.120 9.166 
1971.96 9.136 9.133 9.166 
1971.88 9.148 9.155 9.129 
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Year 92PAA1 92PAA2 99PAA 
1971.79 9.186 9.226 9.130 
1971.71 9.244 9.229 9.193 
1971.63 9.287 9.354 9.264 
1971.54 9.354 9.417 9.322 
1971.46 9.285 9.255 9.232 
1971.38 9.223 9.196 9.162 
1971.29 9.142 9.137 9.115 
1971.21 9.087 9.071 9.031 
1971.13 9.050 9.014 9.032 
1971.04 9.110 9.091 9.059 
1970.96 9.150 9.132 9.111 
1970.88 9.202 9.213 9.159 
1970.79 9.270 9.291 9.247 
1970.71 9.315 9.348 9.306 
1970.63 9.337 9.393 9.342 
1970.54 9.319 9.361 9.310 
1970.46 9.256 9.274 9.176 
1970.38 9.184 9.162 9.157 
1970.29 9.179 9.145 9.133 
1970.21 9.150 9.048 9.062 
1970.13 9.117 9.089 9.090 
1970.04 9.049 9.000 9.090 
1969.96 9.116 9.072 9.071 
1969.88 9.228 9.156 9.132 
1969.79 9.305 9.245 9.217 
1969.71 9.345 9.337 9.281 
1969.63 9.370 9.400 9.316 
1969.54 9.324 9.337 9.257 
1969.46 9.265 9.254 9.220 
1969.38 9.220 9.214 9.193 
1969.29 9.215 9.200 9.176 
1969.21 9.202 9.207 9.156 
1969.13 9.181 9.195 9.117 
1969.04 9.151 9.164 9.127 
1968.96 9.186 9.230 9.139 
1968.88 9.282 9.287 9.211 
1968.79 9.352 9.361 9.264 
1968.71 9.395 9.404 9.329 
1968.63 9.354 9.396 9.323 
1968.54 9.287 9.276 9.345 
1968.46 9.234 9.231 9.188 
1968.38 9.175 9.178 9.117 
Year 92PAA1 92PAA2 99PAA 
1968.29 9.142 9.158 9.095 
1968.21 9.098 9.157 9.031 
1968.13 9.049 9.124 9.034 
1968.04 9.089 9.168 9.044 
1967.96 9.120 9.212 9.064 
1967.88 9.165 9.198 9.132 
1967.79 9.242 9.268 9.162 
1967.71 9.254 9.322 9.217 
1967.63 9.264 9.355 9.273 
1967.54 9.234 9.277 9.232 
1967.46 9.209 9.243 9.207 
1967.38 9.172 9.172 9.163 
1967.29 9.087 9.100 9.116 
1967.21 9.034 9.042 9.042 
1967.13 9.088 9.059 9.063 
1967.04 9.105 9.091 9.093 
1966.96 9.189 9.124 9.138 
1966.88 9.245 9.221 9.205 
1966.79 9.309 9.271 9.287 
1966.71 9.348 9.357 9.326 
1966.63 9.362 9.396 9.365 
1966.54 9.312 9.360 9.311 
1966.46 9.246 9.322 9.219 
1966.38 9.186 9.214 9.219 
1966.29 9.146 9.175 9.137 
1966.21 9.061 9.117 9.068 
1966.13 9.048 9.119 9.037 
1966.04 9.095 9.120 9.071 
1965.96 9.165 9.194 9.100 
1965.88 9.200 9.252 9.143 
1965.79 9.249 9.238 9.231 
1965.71 9.361 9.326 9.309 
1965.63 9.381 9.420 9.342 
1965.54 9.319 9.377 9.321 
1965.46 9.273 9.283 9.249 
1965.38 9.176 9.213 9.178 
1965.29 9.138 9.173  
1965.21 9.101 9.141  
1965.13 9.116 9.135  
1965.04 9.125 9.144  
1964.96 9.139 9.194  
1964.88 9.220 9.195  
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Year 92PAA1 92PAA2 
1964.79 9.273 9.259 
1964.71 9.314 9.278 
1964.63 9.375 9.266 
1964.54 9.257 9.250 
1964.46 9.200 9.180 
1964.38 9.147 9.194 
1964.29 9.088 9.121 
1964.21 9.101 9.054 
1964.13 9.024 9.048 
1964.04 9.094 9.101 
1963.96 9.188 9.154 
1963.88 9.247 9.242 
1963.79 9.305 9.318 
1963.71 9.356 9.339 
1963.63 9.353 9.363 
1963.54 9.300 9.282 
1963.46 9.240 9.201 
1963.38 9.187 9.191 
1963.29 9.119 9.070 
1963.21 9.089 9.069 
1963.13 9.062 9.054 
1963.04 9.102 9.060 
1962.96 9.130 9.192 
1962.88 9.231 9.224 
1962.79 9.245 9.272 
1962.71 9.322 9.382 
1962.63 9.275 9.328 
1962.54 9.226 9.273 
1962.46 9.181 9.196 
1962.38 9.138 9.134 
1962.29 9.122 9.116 
1962.21 9.045 9.038 
1962.13 8.961 8.943 
1962.04 9.042 9.005 
1961.96 9.138 9.096 
1961.88 9.198 9.181 
1961.79 9.260 9.265 
1961.71 9.319 9.301 
1961.63 9.334 9.326 
1961.54 9.302 9.288 
1961.46 9.258 9.226 
1961.38 9.192 9.150 
Year 92PAA1 92PAA2 
1961.29 9.156 9.103 
1961.21 9.148 9.124 
1961.13 9.142 9.065 
1961.04 9.173 9.108 
1960.96 9.187 9.145 
1960.88 9.219 9.182 
1960.79 9.247 9.252 
1960.71 9.287 9.271 
1960.63 9.312 9.285 
1960.54 9.266 9.247 
1960.46 9.225 9.215 
1960.38 9.194 9.182 
1960.29 9.128 9.097 
1960.21 9.034 9.025 
1960.13 8.987 8.979 
1960.04 9.077 9.036 
1959.96 9.081 9.048 
1959.88 9.174 9.144 
1959.79 9.254 9.226 
1959.71 9.296 9.324 
1959.63 9.327 9.363 
1959.54 9.307 9.308 
1959.46 9.257 9.252 
1959.38 9.177 9.134 
1959.29 9.166 9.108 
1959.21 9.135 9.074 
1959.13 9.091 9.037 
1959.04 9.111 9.076 
1958.96 9.119 9.131 
1958.88 9.188 9.174 
1958.79 9.239 9.216 
1958.71 9.272 9.273 
1958.63 9.283 9.284 
1958.54 9.232 9.243 
1958.46 9.209 9.200 
1958.38 9.132 9.109 
1958.29 9.091 9.051 
1958.21 9.034 8.998 
1958.13 9.002 8.946 
1958.04 9.046 9.021 
1957.96 9.102 9.094 
1957.88 9.166 9.202 
Year 92PAA1 92PAA2 
1957.79 9.212 9.234 
1957.71 9.327 9.308 
1957.63 9.346 9.384 
1957.54 9.285 9.338 
1957.46 9.227 9.186 
1957.38 9.156 9.105 
1957.29 9.085 9.076 
1957.21 9.062 9.046 
1957.13 9.029 9.069 
1957.04 9.035 8.999 
1956.96 9.125 9.111 
1956.88 9.209 9.191 
1956.79 9.249 9.227 
1956.71 9.296 9.269 
1956.63 9.318 9.300 
1956.54 9.270 9.242 
1956.46 9.256 9.173 
1956.38 9.178 9.121 
1956.29 9.057 9.048 
1956.21 8.987 8.954 
1956.13 9.052 9.097 
1956.04 8.989 9.046 
1955.96 9.047 9.096 
1955.88 9.170 9.153 
1955.79 9.182 9.208 
1955.71 9.287 9.282 
1955.63 9.318 9.357 
1955.54 9.269 9.313 
1955.46 9.233 9.207 
1955.38 9.128 9.141 
1955.29 9.100 9.104 
1955.21 9.054 9.075 
1955.13 9.000 9.051 
1955.04 9.051 9.092 
1954.96 9.120 9.132 
1954.88 9.171 9.206 
1954.79 9.266 9.273 
1954.71 9.334 9.325 
1954.63 9.327 9.359 
1954.54 9.299 9.313 
1954.46 9.253 9.264 
1954.38 9.199 9.183 
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Year 92PAA1 92PAA2 
1954.29 9.155 9.089 
1954.21 9.034 9.055 
1954.13 8.969 9.073 
1954.04 9.036 9.063 
1953.96 9.085 9.141 
1953.88 9.179 9.209 
1953.79 9.266 9.248 
1953.71 9.317 9.302 
1953.63 9.326 9.363 
1953.54 9.282 9.339 
1953.46 9.244 9.247 
1953.38 9.166 9.224 
1953.29 9.170 9.204 
1953.21 9.157 9.198 
1953.13 9.105 9.170 
1953.04 9.132 9.190 
1952.96 9.160 9.211 
1952.88 9.193 9.233 
1952.79 9.227 9.246 
1952.71 9.249 9.281 
1952.63 9.281 9.323 
1952.54 9.255 9.272 
1952.46 9.228 9.208 
1952.38 9.151 9.179 
1952.29 9.117 9.102 
1952.21 9.129 9.119 
1952.13 9.083 9.094 
1952.04 9.142 9.082 
1951.96 9.100 9.123 
1951.88 9.208 9.194 
1951.79 9.282 9.277 
1951.71 9.333 9.385 
1951.63 9.294 9.366 
1951.54 9.262 9.308 
1951.46 9.250 9.221 
1951.38 9.198 9.175 
1951.29 9.107 9.128 
1951.21 9.118 9.138 
1951.13 9.034 9.119 
1951.04 9.010 9.085 
1950.96 9.121 9.140 
1950.88 9.185 9.189 
Year 92PAA1 92PAA2 
1950.79 9.262 9.272 
1950.71 9.304 9.346 
1950.63 9.301 9.341 
1950.54 9.243 9.226 
1950.46 9.186 9.196 
1950.38 9.150 9.126 
1950.29 9.121 9.070 
1950.21 9.089 9.035 
1950.13 9.042 9.007 
1950.04 9.085 9.068 
1949.96 9.140 9.127 
1949.88 9.200 9.184 
1949.79 9.245 9.218 
1949.71 9.279 9.322 
1949.63 9.301 9.337 
1949.54 9.292 9.322 
1949.46 9.221 9.245 
1949.38 9.180 9.150 
1949.29 9.110 9.072 
1949.21 9.024 9.036 
1949.13 9.076 9.059 
1949.04 9.086 9.069 
1948.96 9.143 9.134 
1948.88 9.181 9.210 
1948.79 9.222 9.238 
1948.71 9.264 9.333 
1948.63 9.269 9.321 
1948.54 9.242 9.284 
1948.46 9.202 9.225 
1948.38 9.129 9.166 
1948.29 9.095 9.112 
1948.21 9.036 9.089 
1948.13 9.063 9.113 
1948.04 9.031 9.061 
1947.96 9.118 9.111 
1947.88 9.200 9.235 
1947.79 9.256 9.291 
1947.71 9.275 9.317 
1947.63 9.267 9.350 
1947.54 9.263 9.257 
1947.46 9.227 9.196 
1947.38 9.070 9.066 
Year 92PAA1 92PAA2 
1947.29 9.065 9.075 
1947.21 9.062 9.084 
1947.13 9.118 9.080 
1947.04 9.082 9.153 
1946.96 9.165 9.180 
1946.88 9.191 9.210 
1946.79 9.258 9.279 
1946.71 9.299 9.331 
1946.63 9.294 9.365 
1946.54 9.262 9.303 
1946.46 9.217 9.229 
1946.38 9.190 9.153 
1946.29 9.071 9.102 
1946.21 9.017 9.093 
1946.13 8.945 9.014 
1946.04 9.036 9.075 
1945.96 9.125 9.159 
1945.88 9.170 9.218 
1945.79 9.214 9.293 
1945.71 9.292 9.321 
1945.63 9.340 9.366 
1945.54 9.278 9.318 
1945.46 9.237 9.256 
1945.38 9.184 9.182 
1945.29 9.130 9.129 
1945.21 9.087 9.117 
1945.13 9.040 9.048 
1945.04 9.070 9.098 
1944.96 9.139 9.143 
1944.88 9.229 9.232 
1944.79 9.293 9.323 
1944.71 9.300 9.353 
1944.63 9.280 9.360 
1944.54 9.260 9.324 
1944.46 9.230 9.242 
1944.38 9.196 9.175 
1944.29 9.180 9.141 
1944.21 8.986 9.111 
1944.13 8.993 9.061 
1944.04 8.999 9.089 
1943.96 9.084 9.153 
1943.88 9.168 9.207 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1943.79 9.213 9.255 
1943.71 9.269 9.282 
1943.63 9.319 9.313 
1943.54 9.283 9.265 
1943.46 9.211 9.232 
1943.38 9.145 9.201 
1943.29 9.088 9.170 
1943.21 9.068 9.141 
1943.13 9.044 9.092 
1943.04 9.070 9.140 
1942.96 9.123 9.163 
1942.88 9.226 9.232 
1942.79 9.240 9.304 
1942.71 9.299 9.345 
1942.63 9.302 9.357 
1942.54 9.282 9.312 
1942.46 9.216 9.245 
1942.38 9.136 9.193 
1942.29 9.119 9.129 
1942.21 9.046 9.112 
1942.13 9.015 9.099 
1942.04 9.079 9.129 
1941.96 9.119 9.179 
1941.88 9.187 9.212 
1941.79 9.244 9.293 
1941.71 9.300 9.377 
1941.63 9.355 9.408 
1941.54 9.309 9.345 
1941.46 9.244 9.282 
1941.38 9.149 9.222 
1941.29 9.107 9.164 
1941.21 9.087 9.119 
1941.13 9.105 9.114 
1941.04 9.081 9.137 
1940.96 9.142 9.184 
1940.88 9.204 9.234 
1940.79 9.199 9.308 
1940.71 9.313 9.366 
1940.63 9.334 9.383 
1940.54 9.324 9.303 
1940.46 9.270 9.250 
1940.38 9.164 9.217 
Year 92PAA1 92PAA2 
1940.29 9.167 9.136 
1940.21 9.047 9.052 
1940.13 9.057 9.084 
1940.04 9.099 9.116 
1939.96 9.136 9.157 
1939.88 9.176 9.203 
1939.79 9.289 9.302 
1939.71 9.287 9.323 
1939.63 9.330 9.365 
1939.54 9.272 9.313 
1939.46 9.232 9.262 
1939.38 9.162 9.195 
1939.29 9.119 9.166 
1939.21 9.115 9.116 
1939.13 9.063 9.106 
1939.04 9.131 9.142 
1938.96 9.136 9.183 
1938.88 9.194 9.212 
1938.79 9.292 9.291 
1938.71 9.342 9.366 
1938.63 9.327 9.315 
1938.54 9.355 9.287 
1938.46 9.253 9.241 
1938.38 9.169 9.122 
1938.29 9.056 9.064 
1938.21 9.052 9.032 
1938.13 8.955 8.984 
1938.04 8.987 9.015 
1937.96 9.053 9.115 
1937.88 9.163 9.213 
1937.79 9.237 9.272 
1937.71 9.315 9.318 
1937.63 9.318 9.351 
1937.54 9.291 9.326 
1937.46 9.263 9.298 
1937.38 9.229 9.205 
1937.29 9.196 9.123 
1937.21 9.166 9.127 
1937.13 9.168 9.154 
1937.04 9.135 9.140 
1936.96 9.197 9.171 
1936.88 9.220 9.214 
Year 92PAA1 92PAA2 
1936.79 9.239 9.239 
1936.71 9.310 9.309 
1936.63 9.336 9.370 
1936.54 9.320 9.342 
1936.46 9.225 9.289 
1936.38 9.178 9.188 
1936.29 9.128 9.160 
1936.21 9.150 9.113 
1936.13 9.072 9.104 
1936.04 9.106 9.129 
1935.96 9.180 9.168 
1935.88 9.210 9.241 
1935.79 9.203 9.287 
1935.71 9.277 9.344 
1935.63 9.339 9.362 
1935.54 9.275 9.293 
1935.46 9.181 9.226 
1935.38 9.123 9.162 
1935.29 9.115 9.132 
1935.21 9.058 9.069 
1935.13 8.976 9.013 
1935.04 9.007 9.060 
1934.96 9.042 9.121 
1934.88 9.164 9.249 
1934.79 9.275 9.331 
1934.71 9.344 9.353 
1934.63 9.326 9.352 
1934.54 9.282 9.304 
1934.46 9.202 9.244 
1934.38 9.172 9.163 
1934.29 9.113 9.147 
1934.21 9.132 9.135 
1934.13 8.969 9.065 
1934.04 9.027 9.097 
1933.96 9.085 9.171 
1933.88 9.177 9.230 
1933.79 9.269 9.271 
1933.71 9.322 9.306 
1933.63 9.339 9.337 
1933.54 9.291 9.313 
1933.46 9.265 9.290 
1933.38 9.169 9.218 
Appendix K  (Continued) 
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Year 92PAA1 92PAA2 
1933.29 9.068 9.082 
1933.21 8.990 9.034 
1933.13 8.986 9.035 
1933.04 9.051 9.065 
1932.96 9.148 9.160 
1932.88 9.187 9.213 
1932.79 9.210 9.284 
1932.71 9.282 9.289 
1932.63 9.354 9.349 
1932.54 9.322 9.312 
1932.46 9.301 9.274 
1932.38 9.187 9.193 
1932.29 9.102 9.113 
1932.21 9.093 9.103 
1932.13 9.131 9.107 
1932.04 9.154 9.176 
1931.96 9.110 9.103 
1931.88 9.198 9.209 
1931.79 9.276 9.307 
1931.71 9.318 9.350 
1931.63 9.349 9.359 
1931.54 9.235 9.305 
1931.46 9.186 9.251 
1931.38 9.150 9.161 
1931.29 9.147 9.189 
1931.21 9.142 9.149 
1931.13 9.087 9.083 
1931.04 9.059 9.055 
1930.96 9.150 9.148 
1930.88 9.197 9.244 
1930.79 9.259 9.299 
1930.71 9.347 9.368 
1930.63 9.342 9.359 
1930.54 9.339 9.322 
1930.46 9.266 9.289 
1930.38 9.125 9.185 
1930.29 9.148 9.139 
1930.21 9.110 9.094 
1930.13 9.052 9.056 
1930.04 9.063 9.100 
1929.96 9.116 9.145 
1929.88 9.176 9.191 
Year 92PAA1 92PAA2 
1929.79 9.239 9.257 
1929.71 9.347 9.324 
1929.63 9.384 9.371 
1929.54 9.310 9.325 
1929.46 9.227 9.267 
1929.38 9.116 9.211 
1929.29 9.078 9.104 
1929.21 9.057 9.084 
1929.13 9.032 9.020 
1929.04 9.042 9.064 
1928.96 9.157 9.116 
1928.88 9.200 9.172 
1928.79 9.254 9.175 
1928.71 9.297 9.207 
1928.63 9.302 9.255 
1928.54 9.268 9.232 
1928.46 9.266 9.199 
1928.38 9.182 9.138 
1928.29 9.110 9.119 
1928.21 9.097 9.097 
1928.13 9.076 9.076 
1928.04 9.106 9.097 
1927.96 9.140 9.137 
1927.88 9.131 9.188 
1927.79 9.230 9.254 
1927.71 9.329 9.300 
1927.63 9.354 9.315 
1927.54 9.284 9.278 
1927.46 9.231 9.228 
1927.38 9.152 9.182 
1927.29 9.111 9.101 
1927.21 9.032 9.015 
1927.13 8.997 9.012 
1927.04 9.056 9.056 
1926.96 9.092 9.163 
1926.88 9.181 9.232 
1926.79 9.238 9.278 
1926.71 9.268 9.302 
1926.63 9.327 9.302 
1926.54 9.292 9.295 
1926.46 9.234 9.237 
1926.38 9.156 9.123 
Year 92PAA1 92PAA2 
1926.29 9.073 9.070 
1926.21 9.060 9.062 
1926.13 9.038 9.128 
1926.04 9.072 9.073 
1925.96 9.124 9.201 
1925.88 9.196 9.257 
1925.79 9.281 9.314 
1925.71 9.351 9.356 
1925.63 9.383 9.357 
1925.54 9.347 9.334 
1925.46 9.256 9.268 
1925.38 9.167 9.180 
1925.29 9.155 9.151 
1925.21 9.137 9.074 
1925.13 9.047 9.092 
1925.04 9.092 9.058 
1924.96 9.113 9.155 
1924.88 9.179 9.210 
1924.79 9.284 9.265 
1924.71 9.345 9.312 
1924.63 9.382 9.356 
1924.54 9.321 9.334 
1924.46 9.218 9.253 
1924.38 9.138 9.182 
1924.29 9.015 9.093 
1924.21 8.964 9.056 
1924.13 8.962 8.955 
1924.04 9.023 9.006 
1923.96 9.100 9.100 
1923.88 9.188 9.207 
1923.79 9.226 9.259 
1923.71 9.276 9.297 
1923.63 9.293 9.312 
1923.54 9.263 9.270 
1923.46 9.210 9.197 
1923.38 9.136 9.151 
1923.29 9.105 9.120 
1923.21 9.061 9.103 
1923.13 9.017 9.036 
1923.04 9.025 9.058 
1922.96 9.124 9.125 
1922.88 9.170 9.226 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1922.79 9.281 9.287 
1922.71 9.329 9.332 
1922.63 9.352 9.356 
1922.54 9.265 9.273 
1922.46 9.218 9.230 
1922.38 9.169 9.198 
1922.29 9.147 9.140 
1922.21 9.061 9.034 
1922.13 9.013 9.024 
1922.04 9.042 9.080 
1921.96 9.078 9.136 
1921.88 9.164 9.190 
1921.79 9.242 9.249 
1921.71 9.316 9.313 
1921.63 9.323 9.318 
1921.54 9.286 9.287 
1921.46 9.241 9.247 
1921.38 9.197 9.221 
1921.29 9.165 9.151 
1921.21 9.133 9.124 
1921.13 9.111 9.101 
1921.04 9.142 9.134 
1920.96 9.190 9.166 
1920.88 9.217 9.200 
1920.79 9.246 9.262 
1920.71 9.296 9.300 
1920.63 9.348 9.342 
1920.54 9.273 9.306 
1920.46 9.211 9.236 
1920.38 9.170 9.250 
1920.29 9.145 9.184 
1920.21 9.069 9.095 
1920.13 9.060 9.068 
1920.04 9.117 9.127 
1919.96 9.183 9.190 
1919.88 9.225 9.255 
1919.79 9.260 9.294 
1919.71 9.298 9.307 
1919.63 9.325 9.301 
1919.54 9.293 9.313 
1919.46 9.231 9.283 
1919.38 9.196 9.225 
Year 92PAA1 92PAA2 
1919.29 9.153 9.170 
1919.21 9.098 9.134 
1919.13 9.125 9.103 
1919.04 9.116 9.142 
1918.96 9.173 9.160 
1918.88 9.211 9.271 
1918.79 9.227 9.289 
1918.71 9.308 9.319 
1918.63 9.397 9.357 
1918.54 9.305 9.334 
1918.46 9.256 9.298 
1918.38 9.171 9.227 
1918.29 9.107 9.128 
1918.21 9.024 9.082 
1918.13 9.042 9.094 
1918.04 9.051 9.085 
1917.96 9.139 9.116 
1917.88 9.219 9.263 
1917.79 9.252 9.299 
1917.71 9.302 9.335 
1917.63 9.331 9.364 
1917.54 9.281 9.275 
1917.46 9.224 9.252 
1917.38 9.173 9.161 
1917.29 9.090 9.085 
1917.21 9.046 9.030 
1917.13 9.000 9.059 
1917.04 9.044 9.020 
1916.96 9.091 9.088 
1916.88 9.179 9.205 
1916.79 9.236 9.247 
1916.71 9.281 9.299 
1916.63 9.312 9.348 
1916.54 9.286 9.267 
1916.46 9.231 9.259 
1916.38 9.185 9.186 
1916.29 9.097 9.122 
1916.21 9.017 9.034 
1916.13 9.000 9.021 
1916.04 9.034 9.077 
1915.96 9.115 9.156 
1915.88 9.191 9.217 
Year 92PAA1 92PAA2 
1915.79 9.254 9.267 
1915.71 9.272 9.302 
1915.63 9.263 9.308 
1915.54 9.282 9.303 
1915.46 9.245 9.254 
1915.38 9.184 9.184 
1915.29 9.126 9.102 
1915.21 9.020 9.032 
1915.13 9.007 8.999 
1915.04 9.092 9.027 
1914.96 9.184 9.164 
1914.88 9.271 9.277 
1914.79 9.346 9.344 
1914.71 9.360 9.376 
1914.63 9.371 9.385 
1914.54 9.305 9.310 
1914.46 9.223 9.261 
1914.38 9.189 9.218 
1914.29 9.153 9.195 
1914.21 9.098 9.141 
1914.13 9.059 9.090 
1914.04 9.117 9.124 
1913.96 9.091 9.212 
1913.88 9.238 9.237 
1913.79 9.305 9.294 
1913.71 9.358 9.366 
1913.63 9.374 9.350 
1913.54 9.342 9.345 
1913.46 9.301 9.261 
1913.38 9.188 9.219 
1913.29 9.152 9.143 
1913.21 9.114 9.097 
1913.13 9.097 9.080 
1913.04 9.129 9.117 
1912.96 9.136 9.158 
1912.88 9.198 9.209 
1912.79 9.248 9.281 
1912.71 9.334 9.317 
1912.63 9.377 9.332 
1912.54 9.368 9.290 
1912.46 9.312 9.246 
1912.38 9.190 9.187 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1912.29 9.086 9.128 
1912.21 9.096 9.092 
1912.13 9.056 9.062 
1912.04 9.093 9.110 
1911.96 9.158 9.162 
1911.88 9.240 9.220 
1911.79 9.316 9.334 
1911.71 9.353 9.383 
1911.63 9.386 9.392 
1911.54 9.334 9.319 
1911.46 9.270 9.240 
1911.38 9.203 9.158 
1911.29 9.093 9.105 
1911.21 9.084 9.138 
1911.13 9.049 9.173 
1911.04 9.109 9.107 
1910.96 9.166 9.148 
1910.88 9.219 9.248 
1910.79 9.278 9.305 
1910.71 9.322 9.333 
1910.63 9.345 9.337 
1910.54 9.294 9.314 
1910.46 9.239 9.283 
1910.38 9.170 9.191 
1910.29 9.121 9.078 
1910.21 9.034 9.041 
1910.13 8.991 8.966 
1910.04 9.058 9.065 
1909.96 9.144 9.154 
1909.88 9.203 9.212 
1909.79 9.244 9.283 
1909.71 9.292 9.296 
1909.63 9.296 9.288 
1909.54 9.297 9.298 
1909.46 9.248 9.259 
1909.38 9.187 9.207 
1909.29 9.130 9.147 
1909.21 9.044 9.092 
1909.13 9.028 9.055 
1909.04 9.044 9.082 
1908.96 9.110 9.137 
1908.88 9.225 9.214 
Year 92PAA1 92PAA2 
1908.79 9.301 9.288 
1908.71 9.316 9.327 
1908.63 9.350 9.360 
1908.54 9.304 9.347 
1908.46 9.266 9.261 
1908.38 9.202 9.176 
1908.29 9.126 9.131 
1908.21 9.081 9.100 
1908.13 9.055 9.085 
1908.04 9.110 9.103 
1907.96 9.131 9.136 
1907.88 9.213 9.221 
1907.79 9.242 9.282 
1907.71 9.304 9.337 
1907.63 9.387 9.344 
1907.54 9.354 9.283 
1907.46 9.256 9.269 
1907.38 9.202 9.196 
1907.29 9.099 9.131 
1907.21 9.027 9.070 
1907.13 9.010 9.050 
1907.04 9.078 9.085 
1906.96 9.182 9.167 
1906.88 9.233 9.247 
1906.79 9.290 9.281 
1906.71 9.331 9.322 
1906.63 9.361 9.363 
1906.54 9.332 9.325 
1906.46 9.284 9.249 
1906.38 9.228 9.223 
1906.29 9.164 9.179 
1906.21 9.115 9.125 
1906.13 9.070 9.123 
1906.04 9.119 9.115 
1905.96 9.172 9.197 
1905.88 9.241 9.280 
1905.79 9.316 9.335 
1905.71 9.367 9.342 
1905.63 9.362 9.306 
1905.54 9.350 9.274 
1905.46 9.276 9.245 
1905.38 9.240 9.231 
Year 92PAA1 92PAA2 
1905.29 9.189 9.197 
1905.21 9.170 9.106 
1905.13 9.160 9.083 
1905.04 9.171 9.141 
1904.96 9.199 9.206 
1904.88 9.259 9.278 
1904.79 9.317 9.341 
1904.71 9.352 9.373 
1904.63 9.383 9.389 
1904.54 9.338 9.337 
1904.46 9.309 9.295 
1904.38 9.256 9.226 
1904.29 9.153 9.165 
1904.21 9.103 9.104 
1904.13 9.086 9.098 
1904.04 9.124 9.130 
1903.96 9.187 9.196 
1903.88 9.244 9.244 
1903.79 9.288 9.291 
1903.71 9.309 9.301 
1903.63 9.324 9.341 
1903.54 9.291 9.305 
1903.46 9.277 9.267 
1903.38 9.198 9.174 
1903.29 9.122 9.151 
1903.21 9.086 9.105 
1903.13 9.065 9.099 
1903.04 9.109 9.106 
1902.96 9.180 9.145 
1902.88 9.236 9.238 
1902.79 9.308 9.339 
1902.71 9.377 9.406 
1902.63 9.430 9.435 
1902.54 9.394 9.403 
1902.46 9.293 9.312 
1902.38 9.258 9.240 
1902.29 9.207 9.185 
1902.21 9.151 9.128 
1902.13 9.066 9.036 
1902.04 9.084 9.075 
1901.96 9.173 9.182 
1901.88 9.265 9.245 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1901.79 9.298 9.278 
1901.71 9.320 9.352 
1901.63 9.334 9.380 
1901.54 9.320 9.319 
1901.46 9.274 9.251 
1901.38 9.244 9.251 
1901.29 9.194 9.178 
1901.21 9.088 9.108 
1901.13 9.072 9.128 
1901.04 9.072 9.135 
1900.96 9.166 9.204 
1900.88 9.238 9.212 
1900.79 9.270 9.273 
1900.71 9.287 9.339 
1900.63 9.308 9.344 
1900.54 9.295 9.314 
1900.46 9.253 9.270 
1900.38 9.216 9.187 
1900.29 9.153 9.163 
1900.21 9.105 9.131 
1900.13 9.082 9.098 
1900.04 9.124 9.144 
1899.96 9.155 9.149 
1899.88 9.236 9.279 
1899.79 9.300 9.349 
1899.71 9.346 9.382 
1899.63 9.370 9.378 
1899.54 9.312 9.274 
1899.46 9.245 9.242 
1899.38 9.216 9.191 
1899.29 9.153 9.147 
1899.21 9.123 9.008 
1899.13 8.971 8.962 
1899.04 9.010 9.050 
1898.96 9.158 9.139 
1898.88 9.229 9.229 
1898.79 9.297 9.331 
1898.71 9.331 9.399 
1898.63 9.361 9.433 
1898.54 9.324 9.343 
1898.46 9.282 9.266 
1898.38 9.201 9.238 
Year 92PAA1 92PAA2 
1898.29 9.102 9.138 
1898.21 9.068 9.096 
1898.13 9.031 9.086 
1898.04 9.060 9.084 
1897.96 9.155 9.166 
1897.88 9.228 9.276 
1897.79 9.281 9.337 
1897.71 9.323 9.353 
1897.63 9.338 9.355 
1897.54 9.297 9.341 
1897.46 9.252 9.269 
1897.38 9.209 9.219 
1897.29 9.167 9.192 
1897.21 9.101 9.067 
1897.13 9.030 9.075 
1897.04 9.073 9.057 
1896.96 9.194 9.147 
1896.88 9.249 9.198 
1896.79 9.308 9.315 
1896.71 9.355 9.368 
1896.63 9.375 9.392 
1896.54 9.306 9.364 
1896.46 9.252 9.291 
1896.38 9.248 9.251 
1896.29 9.144 9.187 
1896.21 9.107 9.095 
1896.13 9.094 9.079 
1896.04 9.151 9.103 
1895.96 9.174 9.162 
1895.88 9.223 9.206 
1895.79 9.324 9.309 
1895.71 9.398 9.364 
1895.63 9.440 9.435 
1895.54 9.363 9.427 
1895.46 9.329 9.364 
1895.38 9.237 9.258 
1895.29 9.164 9.125 
1895.21 9.109 9.085 
1895.13 8.985 9.070 
1895.04 9.023 9.151 
1894.96 9.149 9.146 
1894.88 9.245 9.233 
Year 92PAA1 92PAA2 
1894.79 9.251 9.286 
1894.71 9.327 9.328 
1894.63 9.374 9.356 
1894.54 9.344 9.332 
1894.46 9.314 9.287 
1894.38 9.233 9.209 
1894.29 9.167 9.115 
1894.21 9.044 9.006 
1894.13 9.001 9.005 
1894.04 9.105 9.008 
1893.96 9.140 9.110 
1893.88 9.231 9.153 
1893.79 9.244 9.252 
1893.71 9.312 9.311 
1893.63 9.273 9.276 
1893.54 9.226 9.269 
1893.46 9.140 9.221 
1893.38 9.133 9.183 
1893.29 9.141 9.176 
1893.21 9.060 9.087 
1893.13 9.023 9.068 
1893.04 9.070 9.127 
1892.96 9.151 9.170 
1892.88 9.204 9.227 
1892.79 9.262 9.271 
1892.71 9.319 9.301 
1892.63 9.343 9.326 
1892.54 9.329 9.307 
1892.46 9.274 9.269 
1892.38 9.233 9.210 
1892.29 9.167 9.147 
1892.21 9.104 9.096 
1892.13 9.054 9.076 
1892.04 9.111 9.128 
1891.96 9.175 9.164 
1891.88 9.246 9.244 
1891.79 9.252 9.291 
1891.71 9.311 9.329 
1891.63 9.348 9.363 
1891.54 9.314 9.315 
1891.46 9.256 9.259 
1891.38 9.190 9.215 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1891.29 9.134 9.168 
1891.21 9.043 9.102 
1891.13 9.009 9.067 
1891.04 9.118 9.107 
1890.96 9.228 9.167 
1890.88 9.253 9.227 
1890.79 9.305 9.290 
1890.71 9.348 9.336 
1890.63 9.351 9.359 
1890.54 9.302 9.306 
1890.46 9.276 9.264 
1890.38 9.242 9.223 
1890.29 9.127 9.165 
1890.21 9.137 9.136 
1890.13 9.032 9.042 
1890.04 9.069 9.134 
1889.96 9.202 9.199 
1889.88 9.277 9.250 
1889.79 9.302 9.310 
1889.71 9.343 9.334 
1889.63 9.373 9.361 
1889.54 9.340 9.327 
1889.46 9.253 9.284 
1889.38 9.219 9.244 
1889.29 9.161 9.242 
1889.21 9.139 9.165 
1889.13 9.101 9.106 
1889.04 9.145 9.135 
1888.96 9.215 9.210 
1888.88 9.269 9.267 
1888.79 9.322 9.335 
1888.71 9.375 9.396 
1888.63 9.421 9.451 
1888.54 9.352 9.395 
1888.46 9.323 9.325 
1888.38 9.261 9.240 
1888.29 9.162 9.160 
1888.21 9.097 9.134 
1888.13 9.065 9.124 
1888.04 9.119 9.136 
1887.96 9.176 9.191 
1887.88 9.240 9.274 
Year 92PAA1 92PAA2 
1887.79 9.320 9.334 
1887.71 9.388 9.401 
1887.63 9.442 9.464 
1887.54 9.424 9.388 
1887.46 9.364 9.319 
1887.38 9.254 9.229 
1887.29 9.161 9.160 
1887.21 9.091 9.140 
1887.13 9.047 9.059 
1887.04 9.099 9.104 
1886.96 9.150 9.143 
1886.88 9.200 9.222 
1886.79 9.244 9.298 
1886.71 9.284 9.342 
1886.63 9.327 9.381 
1886.54 9.290 9.353 
1886.46 9.252 9.280 
1886.38 9.202 9.207 
1886.29 9.140 9.182 
1886.21 9.088 9.126 
1886.13 9.047 9.092 
1886.04 9.118 9.123 
1885.96 9.170 9.210 
1885.88 9.226 9.275 
1885.79 9.280 9.355 
1885.71 9.329 9.406 
1885.63 9.366 9.443 
1885.54 9.345 9.389 
1885.46 9.292 9.356 
1885.38 9.241 9.306 
1885.29 9.176 9.239 
1885.21 9.153 9.218 
1885.13 9.111 9.166 
1885.04 9.152 9.197 
1884.96 9.197 9.237 
1884.88 9.248 9.290 
1884.79 9.303 9.321 
1884.71 9.332 9.360 
1884.63 9.343 9.400 
1884.54 9.301 9.354 
1884.46 9.267 9.310 
1884.38 9.239 9.243 
Year 92PAA1 92PAA2 
1884.29 9.246 9.222 
1884.21 9.141 9.170 
1884.13 9.119 9.141 
1884.04 9.160 9.193 
1883.96 9.206 9.219 
1883.88 9.251 9.279 
1883.79 9.286 9.346 
1883.71 9.342 9.384 
1883.63 9.378 9.404 
1883.54 9.332 9.327 
1883.46 9.225 9.270 
1883.38 9.188 9.225 
1883.29 9.109 9.173 
1883.21 9.034 9.090 
1883.13 9.019 9.037 
1883.04 9.076 9.090 
1882.96 9.175 9.184 
1882.88 9.246 9.256 
1882.79 9.264 9.315 
1882.71 9.305 9.345 
1882.63 9.336 9.382 
1882.54 9.307 9.340 
1882.46 9.234 9.267 
1882.38 9.175 9.224 
1882.29 9.104 9.140 
1882.21 9.021 9.077 
1882.13 8.991 9.021 
1882.04 9.058 9.145 
1881.96 9.117 9.169 
1881.88 9.204 9.202 
1881.79 9.275 9.277 
1881.71 9.320 9.353 
1881.63 9.346 9.419 
1881.54 9.287 9.340 
1881.46 9.250 9.263 
1881.38 9.181 9.190 
1881.29 9.152 9.149 
1881.21 9.089 9.082 
1881.13 9.023 9.023 
1881.04 9.076 9.090 
1880.96 9.117 9.112 
1880.88 9.208 9.271 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1880.79 9.287 9.301 
1880.71 9.329 9.331 
1880.63 9.336 9.358 
1880.54 9.277 9.318 
1880.46 9.226 9.251 
1880.38 9.184 9.219 
1880.29 9.136 9.165 
1880.21 9.037 9.138 
1880.13 8.979 9.010 
1880.04 9.055 9.085 
1879.96 9.131 9.157 
1879.88 9.222 9.218 
1879.79 9.261 9.283 
1879.71 9.316 9.340 
1879.63 9.329 9.339 
1879.54 9.276 9.305 
1879.46 9.219 9.250 
1879.38 9.156 9.229 
1879.29 9.119 9.146 
1879.21 9.048 9.074 
1879.13 9.003 9.032 
1879.04 9.051 9.076 
1878.96 9.136 9.084 
1878.88 9.200 9.206 
1878.79 9.259 9.259 
1878.71 9.284 9.267 
1878.63 9.317 9.322 
1878.54 9.279 9.275 
1878.46 9.215 9.260 
1878.38 9.159 9.155 
1878.29 9.131 9.095 
1878.21 9.042 9.004 
1878.13 9.021 8.951 
1878.04 9.034 9.025 
1877.96 9.102 9.156 
1877.88 9.186 9.252 
1877.79 9.307 9.325 
1877.71 9.364 9.374 
1877.63 9.408 9.396 
1877.54 9.346 9.345 
1877.46 9.291 9.293 
1877.38 9.208 9.226 
Year 92PAA1 92PAA2 
1877.29 9.131 9.160 
1877.21 9.093 9.128 
1877.13 9.071 9.094 
1877.04 9.114 9.109 
1876.96 9.157 9.172 
1876.88 9.199 9.219 
1876.79 9.227 9.252 
1876.71 9.255 9.285 
1876.63 9.279 9.315 
1876.54 9.253 9.290 
1876.46 9.237 9.263 
1876.38 9.198 9.237 
1876.29 9.123 9.101 
1876.21 9.059 9.039 
1876.13 9.025 8.983 
1876.04 9.051 9.033 
1875.96 9.123 9.085 
1875.88 9.188 9.173 
1875.79 9.275 9.226 
1875.71 9.300 9.273 
1875.63 9.330 9.350 
1875.54 9.296 9.316 
1875.46 9.261 9.285 
1875.38 9.213 9.168 
1875.29 9.160 9.120 
1875.21 9.103 9.049 
1875.13 9.049 8.990 
1875.04 9.113 9.109 
1874.96 9.145 9.161 
1874.88 9.222 9.246 
1874.79 9.284 9.262 
1874.71 9.299 9.302 
1874.63 9.306 9.304 
1874.54 9.274 9.270 
1874.46 9.235 9.210 
1874.38 9.183 9.169 
1874.29 9.111 9.087 
1874.21 9.051 9.011 
1874.13 9.021 8.982 
1874.04 9.033 9.022 
1873.96 9.111 9.156 
1873.88 9.238 9.211 
Year 92PAA1 92PAA2 
1873.79 9.302 9.277 
1873.71 9.356 9.322 
1873.63 9.403 9.345 
1873.54 9.343 9.299 
1873.46 9.285 9.260 
1873.38 9.229 9.189 
1873.29 9.166 9.118 
1873.21 9.114 9.090 
1873.13 9.111 9.060 
1873.04 9.095 9.089 
1872.96 9.148 9.132 
1872.88 9.224 9.181 
1872.79 9.294 9.244 
1872.71 9.335 9.283 
1872.63 9.346 9.311 
1872.54 9.317 9.291 
1872.46 9.260 9.239 
1872.38 9.181 9.232 
1872.29 9.101 9.157 
1872.21 9.062 9.085 
1872.13 9.069 9.067 
1872.04  9.106 
1871.96  9.148 
1871.88  9.193 
1871.79  9.259 
1871.71  9.290 
1871.63  9.319 
1871.54  9.281 
1871.46  9.234 
1871.38  9.171 
1871.29  9.147 
1871.21  9.020 
1871.13  9.014 
1871.04  9.096 
1870.96  9.163 
1870.88 9.210 9.185 
1870.79 9.281 9.302 
1870.71 9.327 9.315 
1870.63 9.350 9.317 
1870.54 9.318 9.291 
1870.46 9.282 9.233 
1870.38 9.189 9.192 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1870.29 9.131 9.116 
1870.21 9.106 9.068 
1870.13 9.003 9.020 
1870.04 9.056 9.070 
1869.96 9.111 9.084 
1869.88 9.166 9.207 
1869.79 9.194 9.243 
1869.71 9.242 9.280 
1869.63 9.364 9.311 
1869.54 9.331 9.268 
1869.46 9.250 9.222 
1869.38 9.186 9.185 
1869.29 9.178 9.152 
1869.21 9.142 9.097 
1869.13 9.090 9.076 
1869.04 9.136 9.083 
1868.96 9.183 9.143 
1868.88 9.238 9.203 
1868.79 9.302 9.252 
1868.71 9.351 9.298 
1868.63 9.393 9.341 
1868.54 9.346 9.306 
1868.46 9.295 9.290 
1868.38 9.214 9.171 
1868.29 9.131 9.089 
1868.21 9.088 9.094 
1868.13 9.027 9.026 
1868.04 9.076 9.056 
1867.96 9.129 9.090 
1867.88 9.216 9.168 
1867.79 9.276 9.261 
1867.71 9.311 9.267 
1867.63 9.343 9.306 
1867.54 9.318 9.280 
1867.46 9.238 9.258 
1867.38 9.153 9.191 
1867.29 9.124 9.125 
1867.21 9.055 9.086 
1867.13 9.001 8.985 
1867.04 9.057 9.022 
1866.96 9.108 9.074 
1866.88 9.151 9.186 
Year 92PAA1 92PAA2 
1866.79 9.241 9.261 
1866.71 9.321 9.312 
1866.63 9.323 9.345 
1866.54 9.296 9.321 
1866.46 9.264 9.268 
1866.38 9.202 9.195 
1866.29 9.144 9.136 
1866.21 9.097 9.085 
1866.13 9.060 9.041 
1866.04 9.089 9.091 
1865.96 9.113 9.085 
1865.88 9.222 9.182 
1865.79 9.264 9.264 
1865.71 9.303 9.312 
1865.63 9.339 9.334 
1865.54 9.319 9.286 
1865.46 9.254 9.264 
1865.38 9.163 9.202 
1865.29 9.092 9.121 
1865.21 9.061 9.052 
1865.13 9.027 8.945 
1865.04 9.083 8.994 
1864.96 9.138 9.092 
1864.88 9.194 9.165 
1864.79 9.254 9.197 
1864.71 9.302 9.285 
1864.63 9.325 9.288 
1864.54 9.287 9.270 
1864.46 9.238 9.239 
1864.38 9.173 9.198 
1864.29 9.152 9.156 
1864.21 9.115 9.115 
1864.13 9.083 9.098 
1864.04 9.106 9.111 
1863.96 9.143 9.164 
1863.88 9.168 9.237 
1863.79 9.238 9.326 
1863.71 9.278 9.350 
1863.63 9.301 9.354 
1863.54 9.263 9.337 
1863.46 9.213 9.284 
1863.38 9.205 9.212 
Year 92PAA1 92PAA2 
1863.29 9.190 9.174 
1863.21 9.074 9.071 
1863.13 8.997 8.998 
1863.04 9.053 9.059 
1862.96 9.135 9.128 
1862.88 9.229 9.206 
1862.79 9.288 9.287 
1862.71 9.324 9.322 
1862.63 9.368 9.349 
1862.54 9.316 9.311 
1862.46 9.275 9.261 
1862.38 9.209 9.209 
1862.29 9.127 9.150 
1862.21 9.099 9.091 
1862.13 9.023 9.056 
1862.04 9.064 9.127 
1861.96 9.100 9.169 
1861.88 9.178 9.224 
1861.79 9.241 9.276 
1861.71 9.308 9.322 
1861.63 9.379 9.372 
1861.54 9.349 9.324 
1861.46 9.287 9.281 
1861.38 9.258 9.240 
1861.29 9.126 9.171 
1861.21 9.105 9.128 
1861.13 9.077 9.107 
1861.04 9.104 9.130 
1860.96 9.131 9.159 
1860.88 9.205 9.219 
1860.79 9.279 9.293 
1860.71 9.322 9.337 
1860.63 9.364 9.362 
1860.54 9.352 9.317 
1860.46 9.258 9.286 
1860.38 9.192 9.226 
1860.29 9.139 9.157 
1860.21 9.124 9.092 
1860.13 9.071 9.048 
1860.04 9.062 9.100 
1859.96 9.130 9.161 
1859.88 9.197 9.220 
Appendix K (Continued) 
 129 
Year 92PAA1 92PAA2 
1859.79 9.264 9.300 
1859.71 9.336 9.388 
1859.63 9.385 9.405 
1859.54 9.301 9.343 
1859.46 9.243 9.250 
1859.38 9.214 9.216 
1859.29 9.184 9.144 
1859.21 9.085 9.084 
1859.13 9.023 9.050 
1859.04 9.073 9.071 
1858.96 9.127 9.142 
1858.88 9.184 9.211 
1858.79 9.240 9.293 
1858.71 9.311 9.376 
1858.63 9.344 9.400 
1858.54 9.320 9.339 
1858.46 9.246 9.277 
1858.38 9.212 9.230 
1858.29 9.175 9.178 
1858.21 9.136 9.127 
1858.13 9.027 9.083 
1858.04 9.056 9.131 
1857.96 9.113 9.180 
1857.88 9.197 9.251 
1857.79 9.229 9.301 
1857.71 9.298 9.348 
1857.63 9.321 9.399 
1857.54 9.308 9.347 
1857.46 9.261 9.302 
1857.38 9.229 9.235 
1857.29 9.223 9.177 
1857.21 9.104 9.146 
1857.13 9.076 9.118 
1857.04 9.099 9.162 
1856.96 9.156 9.199 
1856.88 9.227 9.230 
1856.79 9.267 9.308 
1856.71 9.316 9.352 
1856.63 9.375 9.363 
1856.54 9.358 9.332 
1856.46 9.303 9.302 
1856.38 9.212 9.267 
Year 92PAA1 92PAA2 
1856.29 9.197 9.230 
1856.21 9.151 9.183 
1856.13 9.104 9.180 
1856.04 9.157 9.166 
1855.96 9.210 9.207 
1855.88 9.267 9.267 
1855.79 9.324 9.320 
1855.71 9.371 9.358 
1855.63 9.417 9.380 
1855.54 9.394 9.361 
1855.46 9.353 9.331 
1855.38 9.297 9.279 
1855.29 9.254 9.234 
1855.21 9.164 9.205 
1855.13 9.120 9.192 
1855.04 9.152 9.218 
1854.96 9.192 9.235 
1854.88 9.297 9.294 
1854.79 9.337 9.338 
1854.71 9.369 9.378 
1854.63 9.394 9.409 
1854.54 9.346 9.364 
1854.46 9.298 9.294 
1854.38 9.251 9.237 
1854.29 9.196 9.195 
1854.21 9.117 9.153 
1854.13 9.020 9.118 
1854.04 9.147 9.159 
1853.96 9.144 9.191 
1853.88 9.197 9.250 
1853.79 9.292 9.306 
1853.71 9.351 9.355 
1853.63 9.398 9.391 
1853.54 9.381 9.363 
1853.46 9.337 9.301 
1853.38 9.266 9.227 
1853.29 9.163 9.173 
1853.21 9.091 9.122 
1853.13 9.041 9.083 
1853.04 9.089 9.125 
1852.96 9.142 9.159 
1852.88 9.201 9.219 
Year 92PAA1 92PAA2 
1852.79 9.307 9.301 
1852.71 9.345 9.350 
1852.63 9.365 9.367 
1852.54 9.320 9.311 
1852.46 9.273 9.256 
1852.38 9.204 9.224 
1852.29 9.159 9.172 
1852.21 9.118 9.133 
1852.13 9.038 9.093 
1852.04 9.077 9.134 
1851.96 9.127 9.135 
1851.88 9.218 9.199 
1851.79 9.302 9.304 
1851.71 9.335 9.346 
1851.63 9.363 9.382 
1851.54 9.303 9.320 
1851.46 9.205 9.270 
1851.38 9.170 9.224 
1851.29 9.141 9.161 
1851.21 9.018 9.074 
1851.13 8.961 9.034 
1851.04 9.027 9.084 
1850.96 9.103 9.112 
1850.88 9.196 9.186 
1850.79 9.301 9.264 
1850.71 9.335 9.311 
1850.63 9.359 9.355 
1850.54 9.304 9.342 
1850.46 9.272 9.272 
1850.38 9.223 9.220 
1850.29 9.139 9.147 
1850.21 9.093 9.106 
1850.13 9.083 9.091 
1850.04 9.110 9.103 
1849.96 9.134 9.140 
1849.88 9.182 9.205 
1849.79 9.234 9.275 
1849.71 9.292 9.336 
1849.63 9.349 9.393 
1849.54 9.339 9.368 
1849.46 9.299 9.291 
1849.38 9.220 9.201 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1849.29 9.135 9.172 
1849.21 9.130 9.160 
1849.13 9.074 9.133 
1849.04 9.117 9.159 
1848.96 9.160 9.185 
1848.88 9.208 9.204 
1848.79 9.274 9.290 
1848.71 9.326 9.346 
1848.63 9.359 9.360 
1848.54 9.319 9.308 
1848.46 9.256 9.260 
1848.38 9.195 9.248 
1848.29 9.202 9.203 
1848.21 9.159 9.165 
1848.13 9.077 9.147 
1848.04 9.119 9.171 
1847.96 9.173 9.195 
1847.88 9.239 9.223 
1847.79 9.296 9.312 
1847.71 9.352 9.379 
1847.63 9.380 9.422 
1847.54 9.343 9.368 
1847.46 9.260 9.297 
1847.38 9.207 9.250 
1847.29 9.148 9.150 
1847.21 9.068 9.123 
1847.13 8.983 9.105 
1847.04 9.051 9.126 
1846.96 9.136 9.156 
1846.88 9.188 9.205 
1846.79 9.265 9.258 
1846.71 9.330 9.330 
1846.63 9.368 9.393 
1846.54 9.345 9.347 
1846.46 9.295 9.272 
1846.38 9.191 9.236 
1846.29 9.136 9.120 
1846.21 9.076 9.072 
1846.13 9.009 9.067 
1846.04 9.032 9.099 
1845.96 9.134 9.150 
1845.88 9.214 9.198 
Year 92PAA1 92PAA2 
1845.79 9.281 9.279 
1845.71 9.363 9.335 
1845.63 9.375 9.387 
1845.54 9.337 9.364 
1845.46 9.275 9.318 
1845.38 9.213 9.247 
1845.29 9.140 9.192 
1845.21 9.130 9.175 
1845.13 9.105 9.171 
1845.04 9.148 9.190 
1844.96 9.185 9.221 
1844.88 9.222 9.269 
1844.79 9.282 9.316 
1844.71 9.330 9.327 
1844.63 9.372 9.362 
1844.54 9.311 9.341 
1844.46 9.246 9.318 
1844.38 9.207 9.233 
1844.29 9.136 9.167 
1844.21 9.111 9.166 
1844.13 9.048 9.136 
1844.04 9.083 9.148 
1843.96 9.135 9.215 
1843.88 9.213 9.251 
1843.79 9.277 9.311 
1843.71 9.332 9.329 
1843.63 9.364 9.359 
1843.54 9.325 9.332 
1843.46 9.285 9.293 
1843.38 9.192 9.231 
1843.29 9.131 9.188 
1843.21 9.106 9.140 
1843.13 9.069 9.107 
1843.04 9.054 9.143 
1842.96 9.157 9.170 
1842.88 9.206 9.192 
1842.79 9.242 9.255 
1842.71 9.278 9.302 
1842.63 9.310 9.332 
1842.54 9.282 9.304 
1842.46 9.238 9.258 
1842.38 9.181 9.190 
Year 92PAA1 92PAA2 
1842.29 9.107 9.127 
1842.21 9.127 9.121 
1842.13 9.086 9.090 
1842.04 9.092 9.110 
1841.96 9.136 9.147 
1841.88 9.250 9.214 
1841.79 9.323 9.285 
1841.71 9.372 9.341 
1841.63 9.412 9.384 
1841.54 9.325 9.343 
1841.46 9.286 9.251 
1841.38 9.226 9.218 
1841.29 9.101 9.140 
1841.21 9.039 9.095 
1841.13 9.028 9.061 
1841.04 9.067 9.070 
1840.96 9.120 9.118 
1840.88 9.188 9.234 
1840.79 9.257 9.294 
1840.71 9.365 9.350 
1840.63 9.416 9.384 
1840.54 9.379 9.330 
1840.46 9.240 9.266 
1840.38 9.232 9.216 
1840.29 9.167 9.090 
1840.21 9.038 9.048 
1840.13 8.985 9.043 
1840.04 9.059 9.086 
1839.96 9.132 9.130 
1839.88 9.207 9.196 
1839.79 9.285 9.264 
1839.71 9.324 9.298 
1839.63 9.331 9.328 
1839.54 9.287 9.304 
1839.46 9.243 9.275 
1839.38 9.198 9.234 
1839.29 9.123 9.182 
1839.21 9.107 9.154 
1839.13 9.079 9.129 
1839.04 9.098 9.155 
1838.96 9.141 9.180 
1838.88 9.195 9.206 
Appendix K (Continued) 
 131 
Year 92PAA1 92PAA2 
1838.79 9.303 9.271 
1838.71 9.378 9.336 
1838.63 9.408 9.396 
1838.54 9.338 9.358 
1838.46 9.267 9.285 
1838.38 9.184 9.216 
1838.29 9.115 9.172 
1838.21 9.072 9.143 
1838.13 9.034 9.129 
1838.04 9.093 9.151 
1837.96 9.125 9.172 
1837.88 9.185 9.197 
1837.79 9.258 9.290 
1837.71 9.331 9.372 
1837.63 9.399 9.382 
1837.54 9.335 9.330 
1837.46 9.277 9.304 
1837.38 9.228 9.222 
1837.29 9.150 9.142 
1837.21 9.103 9.101 
1837.13 9.089 9.094 
1837.04 9.157 9.117 
1836.96 9.179 9.145 
1836.88 9.217 9.194 
1836.79 9.259 9.250 
1836.71 9.315 9.297 
1836.63 9.395 9.316 
1836.54 9.344 9.257 
1836.46 9.285 9.239 
1836.38 9.227 9.185 
1836.29 9.142 9.144 
1836.21 9.075 9.092 
1836.13 9.054 9.058 
1836.04 9.085 9.100 
1835.96 9.100 9.141 
1835.88 9.233 9.191 
1835.79 9.287 9.268 
1835.71 9.341 9.380 
1835.63 9.391 9.383 
1835.54 9.370 9.346 
1835.46 9.314 9.264 
1835.38 9.204 9.165 
Year 92PAA1 92PAA2 
1835.29 9.094 9.117 
1835.21 9.038 9.120 
1835.13 9.045 9.092 
1835.04 9.042 9.113 
1834.96 9.080 9.147 
1834.88 9.205 9.197 
1834.79 9.291 9.281 
1834.71 9.332 9.355 
1834.63 9.335 9.384 
1834.54 9.302 9.352 
1834.46 9.269 9.298 
1834.38 9.240 9.239 
1834.29 9.227 9.214 
1834.21 9.136 9.189 
1834.13 9.124 9.166 
1834.04 9.144 9.174 
1833.96 9.178 9.199 
1833.88 9.300 9.238 
1833.79 9.358 9.287 
1833.71 9.394 9.329 
1833.63 9.411 9.364 
1833.54 9.386 9.354 
1833.46 9.342 9.296 
1833.38 9.253 9.206 
1833.29 9.190 9.152 
1833.21 9.214 9.112 
1833.13 9.142 9.098 
1833.04 9.146 9.114 
1832.96 9.193 9.138 
1832.88 9.242 9.186 
1832.79 9.312 9.273 
1832.71 9.357 9.290 
1832.63 9.362 9.342 
1832.54 9.334 9.306 
1832.46 9.280 9.266 
1832.38 9.251 9.197 
1832.29 9.146 9.117 
1832.21 9.145 9.072 
1832.13 9.066 9.019 
1832.04 9.093 9.088 
1831.96 9.145 9.152 
1831.88 9.228 9.211 
Year 92PAA1 92PAA2 
1831.79 9.312 9.238 
1831.71 9.360 9.290 
1831.63 9.370 9.355 
1831.54 9.313 9.320 
1831.46 9.248 9.258 
1831.38 9.215 9.189 
1831.29 9.139 9.153 
1831.21  9.099 
1831.13  9.064 
1831.04  9.092 
1830.96  9.105 
1830.88  9.179 
1830.79  9.255 
1830.71  9.294 
1830.63  9.337 
1830.54  9.278 
1830.46  9.254 
1830.38  9.223 
1830.29  9.148 
1830.21  9.079 
1830.13  9.007 
1830.04 9.060 9.042 
1829.96 9.147 9.079 
1829.88 9.215 9.234 
1829.79 9.294 9.290 
1829.71 9.336 9.326 
1829.63 9.349 9.348 
1829.54 9.325 9.280 
1829.46 9.253 9.269 
1829.38 9.238 9.227 
1829.29 9.130 9.147 
1829.21 9.072 9.079 
1829.13 9.040 9.046 
1829.04 9.077 9.061 
1828.96 9.141 9.121 
1828.88 9.215 9.195 
1828.79 9.263 9.260 
1828.71 9.303 9.294 
1828.63 9.337 9.307 
1828.54 9.313 9.292 
1828.46 9.270 9.244 
1828.38 9.210 9.167 
Appendix K (Continued) 
 132 
Year 92PAA1 92PAA2 
1828.29 9.139 9.132 
1828.21 9.105 9.127 
1828.13 9.077 9.108 
1828.04 9.123 9.134 
1827.96 9.172 9.166 
1827.88 9.202 9.222 
1827.79 9.283 9.303 
1827.71 9.316 9.376 
1827.63 9.364 9.379 
1827.54 9.320 9.345 
1827.46 9.263 9.276 
1827.38 9.217 9.252 
1827.29 9.154 9.141 
1827.21 9.123 9.094 
1827.13 9.057 9.020 
1827.04 9.097 9.069 
1826.96 9.166 9.145 
1826.88 9.227 9.239 
1826.79 9.284 9.283 
1826.71 9.332 9.315 
1826.63 9.339 9.333 
1826.54 9.309 9.316 
1826.46 9.287 9.276 
1826.38 9.198 9.217 
1826.29 9.150 9.166 
1826.21 9.143 9.106 
1826.13 9.033 9.026 
1826.04 9.069 9.107 
1825.96 9.134 9.158 
1825.88 9.180 9.206 
1825.79 9.241 9.253 
1825.71 9.292 9.287 
1825.63 9.350 9.317 
1825.54 9.302 9.295 
1825.46 9.250 9.250 
1825.38 9.228 9.190 
1825.29 9.177 9.153 
1825.21 9.094 9.124 
1825.13 9.101 9.116 
1825.04 9.125 9.124 
1824.96 9.171 9.137 
1824.88 9.208 9.212 
Year 92PAA1 92PAA2 
1824.79 9.267 9.285 
1824.71 9.349 9.324 
1824.63 9.384 9.358 
1824.54 9.314 9.321 
1824.46 9.314 9.269 
1824.38 9.258 9.221 
1824.29 9.213 9.182 
1824.21 9.172 9.143 
1824.13 9.144 9.141 
1824.04 9.164 9.158 
1823.96 9.185 9.208 
1823.88 9.225 9.234 
1823.79 9.285 9.278 
1823.71 9.328 9.323 
1823.63 9.351 9.362 
1823.54 9.311 9.316 
1823.46 9.260 9.267 
1823.38 9.227 9.218 
1823.29 9.209 9.197 
1823.21 9.172 9.143 
1823.13 9.116 9.118 
1823.04 9.175 9.144 
1822.96 9.192 9.170 
1822.88 9.255 9.208 
1822.79 9.275 9.246 
1822.71 9.349 9.290 
1822.63 9.402 9.329 
1822.54 9.354 9.293 
1822.46 9.302 9.233 
1822.38 9.223 9.216 
1822.29 9.176 9.149 
1822.21 9.158 9.136 
1822.13 9.144 9.117 
1822.04 9.159 9.166 
1821.96 9.172 9.214 
1821.88 9.248 9.250 
1821.79 9.307 9.285 
1821.71 9.356 9.319 
1821.63 9.383 9.348 
1821.54 9.310 9.306 
1821.46 9.272 9.269 
1821.38 9.251 9.190 
Year 92PAA1 92PAA2 
1821.29 9.185 9.206 
1821.21 9.101 9.135 
1821.13 9.068 9.032 
1821.04 9.095 9.065 
1820.96 9.149 9.150 
1820.88 9.244 9.269 
1820.79 9.308 9.303 
1820.71 9.362 9.337 
1820.63 9.398 9.367 
1820.54 9.304 9.333 
1820.46 9.254 9.287 
1820.38 9.205 9.230 
1820.29 9.151 9.150 
1820.21 9.119 9.132 
1820.13 9.114 9.086 
1820.04 9.162 9.158 
1819.96 9.210 9.187 
1819.88 9.257 9.232 
1819.79 9.298 9.268 
1819.71 9.338 9.285 
1819.63 9.392 9.310 
1819.54 9.366 9.282 
1819.46 9.313 9.257 
1819.38 9.237 9.228 
1819.29 9.183 9.173 
1819.21 9.125 9.075 
1819.13 9.085 9.023 
1819.04 9.096 9.073 
1818.96 9.160 9.151 
1818.88 9.223 9.235 
1818.79 9.303 9.288 
1818.71 9.374 9.325 
1818.63 9.411 9.339 
1818.54 9.354 9.317 
1818.46 9.285 9.259 
1818.38 9.247 9.249 
1818.29 9.207 9.178 
1818.21 9.163 9.126 
1818.13 9.154 9.121 
1818.04 9.175 9.171 
1817.96 9.199 9.205 
1817.88 9.267 9.230 
Appendix K (Continued) 
 133 
Year 92PAA1 92PAA2 
1817.79 9.339 9.295 
1817.71 9.389 9.361 
1817.63 9.433 9.422 
1817.54 9.382 9.416 
1817.46 9.319 9.314 
1817.38 9.248 9.263 
1817.29 9.184 9.196 
1817.21 9.144 9.152 
1817.13 9.117 9.129 
1817.04 9.148 9.158 
1816.96 9.184 9.208 
1816.88 9.236 9.273 
1816.79 9.286 9.320 
1816.71 9.314 9.364 
1816.63 9.382 9.402 
1816.54 9.336 9.352 
1816.46 9.301 9.290 
1816.38 9.273 9.228 
1816.29 9.222 9.184 
1816.21 9.167 9.144 
1816.13 9.114 9.105 
1816.04 9.142 9.137 
1815.96 9.171 9.163 
1815.88 9.230 9.220 
1815.79 9.287 9.277 
1815.71 9.320 9.318 
1815.63 9.350 9.354 
1815.54 9.336 9.319 
1815.46 9.300 9.274 
1815.38 9.276 9.260 
1815.29 9.214 9.183 
1815.21 9.145 9.136 
1815.13 9.119 9.116 
1815.04 9.138 9.147 
1814.96 9.181 9.180 
1814.88 9.231 9.245 
1814.79 9.279 9.308 
1814.71 9.320 9.326 
1814.63 9.352 9.340 
1814.54 9.315 9.307 
1814.46 9.298 9.274 
1814.38 9.248 9.239 
Year 92PAA1 92PAA2 
1814.29 9.162 9.179 
1814.21 9.084 9.137 
1814.13 9.065 9.102 
1814.04 9.105 9.145 
1813.96 9.158 9.188 
1813.88 9.217 9.237 
1813.79 9.287 9.289 
1813.71 9.322 9.342 
1813.63 9.327 9.390 
1813.54 9.314 9.366 
1813.46 9.263 9.323 
1813.38 9.211 9.262 
1813.29 9.149 9.149 
1813.21 9.085 9.130 
1813.13 9.043 9.070 
1813.04 9.063 9.126 
1812.96 9.127 9.177 
1812.88 9.205 9.224 
1812.79 9.282 9.278 
1812.71 9.329 9.320 
1812.63 9.347 9.350 
1812.54 9.336 9.334 
1812.46 9.299 9.313 
1812.38 9.244 9.268 
1812.29 9.189 9.198 
1812.21 9.134 9.071 
1812.13 9.083 9.070 
1812.04 9.111 9.116 
1811.96 9.162 9.162 
1811.88 9.236 9.233 
1811.79 9.306 9.321 
1811.71 9.358 9.403 
1811.63 9.392 9.416 
1811.54 9.356 9.390 
1811.46 9.310 9.321 
1811.38 9.256 9.251 
1811.29 9.154 9.189 
1811.21 9.105 9.135 
1811.13 9.081 9.100 
1811.04 9.108 9.160 
1810.96 9.156 9.218 
1810.88 9.218 9.258 
Year 92PAA1 92PAA2 
1810.79 9.288 9.298 
1810.71 9.323 9.345 
1810.63 9.329 9.383 
1810.54 9.295 9.290 
1810.46 9.242 9.276 
1810.38 9.214 9.224 
1810.29 9.176 9.182 
1810.21 9.109 9.136 
1810.13 9.088 9.100 
1810.04 9.107 9.122 
1809.96 9.141 9.154 
1809.88 9.194 9.213 
1809.79 9.254 9.286 
1809.71 9.303 9.371 
1809.63 9.329 9.398 
1809.54 9.308 9.334 
1809.46 9.239 9.298 
1809.38 9.195 9.256 
1809.29 9.121 9.184 
1809.21 9.072 9.127 
1809.13 9.030 9.118 
1809.04 9.054 9.139 
1808.96 9.111 9.187 
1808.88 9.185 9.254 
1808.79 9.246 9.291 
1808.71 9.284 9.327 
1808.63 9.316 9.359 
1808.54 9.296 9.324 
1808.46 9.260 9.275 
1808.38 9.177 9.204 
1808.29 9.115 9.127 
1808.21 9.034 9.072 
1808.13 9.031 9.063 
1808.04 9.029 9.079 
1807.96 9.098 9.100 
1807.88 9.202 9.154 
1807.79 9.246 9.207 
1807.71 9.256 9.253 
1807.63 9.306 9.297 
1807.54 9.269  
1807.46 9.223  
1807.38 9.182  
Appendix K (Continued) 
 134 
Year 92PAA1 92PAA2 
1807.29 9.116  
1807.21 9.045  
1807.13 8.999  
1807.04 9.048  
1806.96 9.106  
1806.88 9.207  
1806.79 9.246  
1806.71 9.286  
1806.63 9.323  
1806.54 9.283  
1806.46 9.237  
1806.38 9.196  
1806.29 9.146  
1806.21 9.073  
1806.13 9.035  
1806.04 9.081  
1805.96 9.140  
1805.88 9.193  
1805.79 9.255  
1805.71 9.297  
1805.63 9.317  
1805.54 9.306  
1805.46 9.221  
1805.38 9.137  
1805.29 9.065  
1805.21 8.994  
1805.13 8.971  
1805.04 9.030  
1804.96 9.119  
1804.88 9.178  
1804.79 9.243  
1804.71 9.303  
1804.63 9.354  
1804.54 9.322  
1804.46 9.252  
1804.38 9.227  
1804.29 9.176  
1804.21 9.130  
1804.13 9.094  
1804.04 9.128 9.151 
1803.96 9.153 9.168 
1803.88 9.201 9.206 
Year 92PAA1 92PAA2 
1803.79 9.236 9.279 
1803.71 9.273 9.344 
1803.63 9.304 9.398 
1803.54 9.270 9.370 
1803.46 9.263 9.292 
1803.38 9.232 9.206 
1803.29 9.172 9.143 
1803.21 9.112 9.103 
1803.13 9.072 9.067 
1803.04 9.086 9.105 
1802.96 9.134 9.146 
1802.88 9.224 9.228 
1802.79 9.295 9.308 
1802.71 9.338 9.358 
1802.63 9.343 9.400 
1802.54 9.315 9.343 
1802.46 9.278 9.276 
1802.38 9.218 9.203 
1802.29 9.180 9.149 
1802.21 9.111 9.089 
1802.13 9.035 9.038 
1802.04 9.064 9.107 
1801.96 9.137 9.172 
1801.88 9.196 9.238 
1801.79 9.303 9.302 
1801.71 9.348 9.365 
1801.63 9.365 9.414 
1801.54 9.304 9.299 
1801.46 9.316 9.271 
1801.38 9.233 9.202 
1801.29 9.155 9.134 
1801.21 9.089 9.099 
1801.13 9.066 9.079 
1801.04 9.085 9.108 
1800.96 9.166 9.136 
1800.88 9.222 9.191 
1800.79 9.276 9.268 
1800.71 9.332 9.344 
1800.63 9.382 9.387 
1800.54 9.359 9.301 
1800.46 9.290 9.241 
1800.38 9.214 9.200 
Year 92PAA1 92PAA2 
1800.29 9.152 9.136 
1800.21 9.111 9.108 
1800.13 9.097 9.109 
1800.04 9.127 9.104 
1799.96 9.169 9.150 
1799.88 9.216 9.217 
1799.79 9.264 9.300 
1799.71 9.309 9.370 
1799.63 9.350 9.383 
1799.54 9.343 9.331 
1799.46 9.271 9.274 
1799.38 9.193 9.208 
1799.29 9.112 9.159 
1799.21 9.096 9.118 
1799.13 9.051 9.072 
1799.04 9.075 9.126 
1798.96 9.138 9.181 
1798.88 9.219 9.235 
1798.79 9.316 9.296 
1798.71 9.340 9.356 
1798.63 9.398 9.409 
1798.54 9.365 9.360 
1798.46 9.307 9.289 
1798.38 9.223 9.224 
1798.29 9.142 9.154 
1798.21 9.126 9.106 
1798.13 9.072 9.098 
1798.04 9.129 9.123 
1797.96 9.179 9.152 
1797.88 9.225 9.219 
1797.79 9.272 9.284 
1797.71 9.318 9.334 
1797.63 9.362 9.377 
1797.54 9.345 9.316 
1797.46 9.276 9.266 
1797.38 9.190 9.223 
1797.29 9.116 9.170 
1797.21 9.098 9.137 
1797.13 9.008 9.126 
1797.04 9.042 9.145 
1796.96 9.144 9.175 
1796.88 9.217 9.235 
Appendix K (Continued) 
 135 
Year 92PAA1 92PAA2 
1796.79 9.291 9.295 
1796.71 9.364 9.355 
1796.63 9.381 9.409 
1796.54 9.328 9.374 
1796.46 9.273 9.304 
1796.38 9.215 9.229 
1796.29 9.142 9.183 
1796.21 9.095 9.142 
1796.13 9.043 9.106 
1796.04 9.100 9.152 
1795.96 9.170 9.196 
1795.88 9.201 9.208 
1795.79 9.281 9.278 
1795.71 9.339 9.364 
1795.63 9.392 9.410 
1795.54 9.359 9.384 
1795.46 9.289 9.308 
1795.38 9.249 9.233 
1795.29 9.191 9.162 
1795.21 9.125 9.123 
1795.13 9.057 9.111 
1795.04 9.072 9.121 
1794.96 9.130 9.145 
1794.88 9.204 9.214 
1794.79 9.298 9.282 
1794.71 9.363 9.324 
1794.63 9.364 9.360 
1794.54 9.303 9.317 
1794.46 9.239 9.253 
1794.38 9.205 9.192 
1794.29 9.115 9.131 
1794.21 9.049 9.070 
1794.13 8.996 8.978 
1794.04 9.059 9.037 
1793.96 9.153 9.142 
1793.88 9.220 9.222 
1793.79 9.302 9.276 
1793.71 9.329 9.303 
1793.63 9.357 9.307 
1793.54 9.337 9.280 
1793.46 9.252 9.251 
1793.38 9.221 9.187 
Year 92PAA1 92PAA2 
1793.29 9.183 9.166 
1793.21 9.118 9.145 
1793.13 9.093 9.127 
1793.04 9.117 9.143 
1792.96 9.132 9.160 
1792.88 9.233 9.175 
1792.79 9.299  
1792.71 9.335  
1792.63 9.365  
1792.54 9.300  
1792.46 9.251  
1792.38 9.192  
1792.29 9.181  
1792.21 9.132  
1792.13 9.095 9.079 
1792.04 9.139 9.103 
1791.96 9.178 9.156 
1791.88 9.211 9.204 
1791.79 9.246 9.257 
1791.71 9.302 9.322 
1791.63 9.393 9.379 
1791.54 9.316 9.322 
1791.46 9.287 9.266 
1791.38 9.216 9.245 
1791.29 9.166 9.173 
1791.21 9.115 9.124 
1791.13 9.074 9.095 
1791.04 9.097 9.103 
1790.96 9.168 9.116 
1790.88 9.239 9.202 
1790.79 9.305 9.285 
1790.71 9.342 9.345 
1790.63 9.375 9.395 
1790.54 9.362 9.297 
1790.46 9.275 9.247 
1790.38 9.217 9.209 
1790.29 9.139 9.127 
1790.21 9.090 9.084 
1790.13 9.049 9.063 
1790.04 9.089 9.072 
1789.96 9.157 9.145 
1789.88 9.211 9.197 
Year 92PAA1 92PAA2 
1789.79 9.266 9.265 
1789.71 9.334 9.347 
1789.63 9.392 9.360 
1789.54 9.325 9.316 
1789.46 9.304 9.261 
1789.38 9.277 9.187 
1789.29 9.172 9.125 
1789.21 9.144 9.100 
1789.13 9.010 8.988 
1789.04 9.097 9.071 
1788.96 9.151 9.114 
1788.88 9.215 9.178 
1788.79 9.290 9.231 
1788.71 9.369 9.285 
1788.63 9.405 9.336 
1788.54 9.361 9.311 
1788.46 9.277 9.240 
1788.38 9.254 9.215 
1788.29 9.127 9.139 
1788.21 9.105 9.101 
1788.13 9.070 9.062 
1788.04 9.075 9.108 
1787.96 9.163 9.155 
1787.88 9.231 9.190 
1787.79 9.313 9.228 
1787.71 9.349 9.290 
1787.63 9.369 9.349 
1787.54 9.314 9.289 
1787.46 9.276 9.269 
1787.38 9.218 9.202 
1787.29 9.153 9.156 
1787.21 9.107 9.131 
1787.13 9.143 9.107 
1787.04 9.118 9.141 
1786.96 9.157 9.165 
1786.88 9.199 9.204 
1786.79 9.280 9.265 
1786.71 9.350 9.327 
1786.63 9.364 9.388 
1786.54 9.282 9.319 
1786.46 9.251 9.265 
1786.38 9.187 9.222 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1786.29 9.129 9.124 
1786.21 9.126 9.124 
1786.13 9.048 8.988 
1786.04 9.090 9.057 
1785.96 9.137 9.126 
1785.88 9.191 9.190 
1785.79 9.280 9.254 
1785.71 9.365 9.367 
1785.63 9.376 9.369 
1785.54 9.322 9.314 
1785.46 9.295 9.257 
1785.38 9.181 9.172 
1785.29 9.161 9.144 
1785.21 9.087 9.093 
1785.13 9.063 9.071 
1785.04 9.105 9.073 
1784.96 9.145 9.137 
1784.88 9.212 9.201 
1784.79 9.299 9.275 
1784.71 9.374 9.355 
1784.63 9.413 9.404 
1784.54 9.330 9.338 
1784.46 9.267 9.254 
1784.38 9.192 9.186 
1784.29 9.154 9.160 
1784.21 9.116 9.109 
1784.13 9.050 9.049 
1784.04 9.116 9.077 
1783.96 9.178 9.119 
1783.88 9.241 9.174 
1783.79 9.302 9.269 
1783.71 9.359 9.335 
1783.63 9.410 9.372 
1783.54 9.344 9.316 
1783.46 9.243 9.260 
1783.38 9.193 9.191 
1783.29 9.124 9.098 
1783.21 9.123 9.062 
1783.13 9.048 9.018 
1783.04 9.091 9.035 
1782.96 9.135 9.119 
1782.88 9.212 9.203 
Year 92PAA1 92PAA2 
1782.79 9.292 9.285 
1782.71 9.373 9.334 
1782.63 9.381 9.364 
1782.54 9.339 9.315 
1782.46 9.280 9.229 
1782.38 9.202 9.214 
1782.29 9.156 9.137 
1782.21 9.128 9.098 
1782.13 9.071 9.049 
1782.04 9.108 9.084 
1781.96 9.146 9.127 
1781.88 9.201 9.181 
1781.79 9.258 9.285 
1781.71 9.304 9.326 
1781.63 9.329 9.329 
1781.54 9.294 9.269 
1781.46 9.247 9.240 
1781.38 9.218 9.161 
1781.29 9.159 9.127 
1781.21 9.070 9.051 
1781.13 9.007 8.951 
1781.04 9.054 8.985 
1780.96 9.111 9.050 
1780.88 9.193 9.164 
1780.79 9.251 9.224 
1780.71 9.277 9.258 
1780.63 9.299 9.270 
1780.54 9.284 9.269 
1780.46 9.252 9.229 
1780.38 9.203 9.162 
1780.29 9.150 9.146 
1780.21 9.116 9.070 
1780.13 9.062 9.007 
1780.04 9.086 9.061 
1779.96 9.145 9.128 
1779.88 9.229 9.195 
1779.79 9.301 9.262 
1779.71 9.357 9.328 
1779.63 9.384 9.387 
1779.54 9.337 9.319 
1779.46 9.310 9.264 
1779.38 9.220 9.181 
Year 92PAA1 92PAA2 
1779.29 9.156 9.142 
1779.21 9.130 9.077 
1779.13 9.076 8.999 
1779.04 9.109 9.025 
1778.96 9.170 9.103 
1778.88 9.227 9.175 
1778.79 9.283 9.231 
1778.71 9.352 9.284 
1778.63 9.396 9.330 
1778.54 9.365 9.301 
1778.46 9.287 9.248 
1778.38 9.203 9.192 
1778.29 9.146 9.110 
1778.21 9.101 9.042 
1778.13 9.075 9.009 
1778.04 9.096 9.069 
1777.96 9.154 9.146 
1777.88 9.225 9.223 
1777.79 9.293 9.277 
1777.71 9.357 9.312 
1777.63 9.385 9.342 
1777.54 9.338 9.298 
1777.46 9.271 9.250 
1777.38 9.260 9.197 
1777.29 9.201 9.143 
1777.21 9.124 9.099 
1777.13 9.095 9.066 
1777.04 9.115 9.079 
1776.96 9.140 9.123 
1776.88 9.207 9.228 
1776.79 9.268 9.274 
1776.71 9.314 9.320 
1776.63 9.337 9.361 
1776.54 9.321 9.331 
1776.46 9.253 9.286 
1776.38 9.194 9.214 
1776.29 9.136 9.113 
1776.21 9.085 9.041 
1776.13 9.046 8.970 
1776.04 9.097 9.070 
1775.96 9.122 9.128 
1775.88 9.198 9.177 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1775.79 9.289 9.237 
1775.71 9.369 9.298 
1775.63 9.440 9.356 
1775.54 9.368 9.312 
1775.46 9.284 9.247 
1775.38 9.204 9.167 
1775.29 9.133 9.084 
1775.21 9.057 9.035 
1775.13 9.019 9.008 
1775.04 9.064 9.050 
1774.96 9.137 9.126 
1774.88 9.218 9.200 
1774.79 9.278 9.269 
1774.71 9.324 9.311 
1774.63 9.353 9.341 
1774.54 9.319 9.297 
1774.46 9.268 9.261 
1774.38 9.204 9.168 
1774.29 9.104 9.073 
1774.21 9.056 9.007 
1774.13 9.006 8.982 
1774.04 9.057 9.019 
1773.96 9.152 9.137 
1773.88 9.213 9.202 
1773.79 9.287 9.265 
1773.71 9.333 9.314 
1773.63 9.356 9.361 
1773.54 9.287 9.325 
1773.46 9.242 9.252 
1773.38 9.221 9.178 
1773.29 9.170 9.097 
1773.21 9.091 9.047 
1773.13 9.025 9.011 
1773.04 9.061 9.031 
1772.96 9.161 9.090 
1772.88 9.248 9.163 
1772.79 9.310 9.247 
1772.71 9.350 9.310 
1772.63 9.385 9.363 
1772.54 9.360 9.324 
1772.46 9.273 9.236 
1772.38 9.186 9.147 
Year 92PAA1 92PAA2 
1772.29 9.109 9.085 
1772.21 9.025 9.009 
1772.13 9.009 8.971 
1772.04 9.029 9.026 
1771.96 9.100 9.081 
1771.88 9.181 9.146 
1771.79 9.234 9.211 
1771.71 9.284 9.281 
1771.63 9.315 9.326 
1771.54 9.276 9.293 
1771.46 9.249 9.261 
1771.38 9.187 9.222 
1771.29 9.150 9.182 
1771.21 9.101 9.096 
1771.13 8.977 9.008 
1771.04 9.053 9.065 
1770.96 9.128 9.110 
1770.88 9.208 9.180 
1770.79 9.288 9.252 
1770.71 9.334 9.323 
1770.63 9.377 9.343 
1770.54 9.343 9.294 
1770.46 9.257 9.244 
1770.38 9.214 9.210 
1770.29 9.112 9.138 
1770.21 9.072 9.103 
1770.13 8.991 9.016 
1770.04 9.057 9.044 
1769.96 9.103 9.108 
1769.88 9.201 9.208 
1769.79 9.298 9.257 
1769.71 9.341 9.306 
1769.63 9.378 9.349 
1769.54 9.306 9.306 
1769.46 9.256 9.272 
1769.38 9.243 9.162 
1769.29 9.172 9.163 
1769.21 9.086 9.104 
1769.13 9.045 9.062 
1769.04 9.098 9.105 
1768.96 9.150 9.139 
1768.88 9.207 9.192 
Year 92PAA1 92PAA2 
1768.79 9.263 9.262 
1768.71 9.367 9.328 
1768.63 9.371 9.374 
1768.54 9.364 9.350 
1768.46 9.293 9.270 
1768.38 9.201 9.192 
1768.29 9.149 9.135 
1768.21 9.123 9.106 
1768.13 9.066 9.059 
1768.04 9.108 9.098 
1767.96 9.123 9.135 
1767.88 9.247 9.197 
1767.79 9.282 9.249 
1767.71 9.318 9.293 
1767.63 9.351 9.335 
1767.54 9.340 9.316 
1767.46 9.277 9.265 
1767.38 9.215 9.187 
1767.29 9.130 9.094 
1767.21 8.996 8.994 
1767.13 8.949 8.986 
1767.04 9.014 9.001 
1766.96 9.099 9.098 
1766.88 9.183 9.186 
1766.79 9.241 9.255 
1766.71 9.302 9.323 
1766.63 9.359 9.348 
1766.54 9.327 9.289 
1766.46 9.285 9.229 
1766.38 9.234 9.181 
1766.29 9.168 9.133 
1766.21 9.152 9.112 
1766.13 9.086 9.066 
1766.04 9.133 9.090 
1765.96 9.180 9.130 
1765.88 9.228 9.202 
1765.79 9.286 9.266 
1765.71 9.346 9.320 
1765.63 9.417 9.366 
1765.54 9.301 9.289 
1765.46 9.238 9.225 
1765.38 9.219 9.190 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1765.29 9.130 9.137 
1765.21 9.082 9.085 
1765.13 9.033 9.062 
1765.04 9.087 9.103 
1764.96 9.140 9.140 
1764.88 9.217 9.188 
1764.79 9.287 9.245 
1764.71 9.327 9.287 
1764.63 9.342 9.323 
1764.54 9.311 9.279 
1764.46 9.258 9.251 
1764.38 9.217 9.194 
1764.29 9.155 9.138 
1764.21 9.028 9.066 
1764.13 8.969 9.036 
1764.04 8.994 9.049 
1763.96 9.068 9.085 
1763.88 9.166 9.125 
1763.79 9.274 9.187 
1763.71 9.336 9.256 
1763.63 9.357 9.320 
1763.54 9.299 9.294 
1763.46 9.244 9.206 
1763.38 9.191 9.155 
1763.29 9.139 9.147 
1763.21 9.078 9.116 
1763.13 9.033 9.079 
1763.04 9.091 9.121 
1762.96 9.148 9.167 
1762.88 9.206 9.212 
1762.79 9.263 9.255 
1762.71 9.322 9.297 
1762.63 9.391 9.316 
1762.54 9.330 9.286 
1762.46 9.287 9.260 
1762.38 9.231 9.208 
1762.29 9.191 9.168 
1762.21 9.130 9.131 
1762.13 9.110 9.112 
1762.04 9.123 9.139 
1761.96 9.152 9.171 
1761.88 9.205 9.217 
Year 92PAA1 92PAA2 
1761.79 9.279 9.275 
1761.71 9.347 9.328 
1761.63 9.400 9.346 
1761.54 9.337 9.307 
1761.46 9.282 9.235 
1761.38 9.196 9.191 
1761.29 9.147 9.129 
1761.21 9.164 9.081 
1761.13 9.009 9.048 
1761.04 9.089 9.092 
1760.96 9.132 9.155 
1760.88 9.209 9.215 
1760.79 9.263 9.298 
1760.71 9.312 9.318 
1760.63 9.332 9.332 
1760.54 9.294 9.305 
1760.46 9.250 9.238 
1760.38 9.203 9.192 
1760.29 9.148 9.150 
1760.21 9.107 9.116 
1760.13 9.070 9.114 
1760.04 9.098 9.132 
1759.96 9.142 9.170 
1759.88 9.198 9.226 
1759.79 9.251 9.274 
1759.71 9.334 9.328 
1759.63 9.379 9.383 
1759.54 9.343 9.334 
1759.46 9.288 9.279 
1759.38 9.235 9.193 
1759.29 9.183 9.156 
1759.21 9.122 9.140 
1759.13 9.092 9.133 
1759.04 9.138 9.167 
1758.96 9.157 9.184 
1758.88 9.255 9.215 
1758.79 9.295 9.278 
1758.71 9.335 9.340 
1758.63 9.372 9.391 
1758.54 9.320 9.354 
1758.46 9.251 9.267 
1758.38 9.216 9.200 
Year 92PAA1 92PAA2 
1758.29 9.152 9.157 
1758.21 9.086 9.046 
1758.13 8.990 9.014 
1758.04 9.070 9.057 
1757.96 9.157 9.139 
1757.88 9.191 9.221 
1757.79 9.260 9.283 
1757.71 9.324 9.326 
1757.63 9.351 9.343 
1757.54 9.296 9.294 
1757.46 9.261 9.257 
1757.38 9.215 9.219 
1757.29 9.152 9.185 
1757.21 9.121 9.120 
1757.13 9.049 9.091 
1757.04 9.077 9.140 
1756.96 9.140 9.172 
1756.88 9.212 9.212 
1756.79 9.266 9.266 
1756.71 9.319 9.315 
1756.63 9.359 9.326 
1756.54 9.332 9.287 
1756.46 9.233 9.264 
1756.38 9.231 9.174 
1756.29 9.124 9.131 
1756.21 9.121 9.094 
1756.13 9.073 9.067 
1756.04 9.137 9.079 
1755.96 9.175 9.132 
1755.88 9.266 9.212 
1755.79 9.296 9.290 
1755.71  9.315 
1755.63  9.339 
1755.54  9.314 
1755.46  9.253 
1755.38  9.226 
1755.29  9.168 
1755.21  9.110 
1755.13  9.048 
1755.04  9.100 
1754.96  9.153 
1754.88  9.228 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1754.79  9.294 
1754.71  9.344 
1754.63  9.372 
1754.54 9.301 9.331 
1754.46 9.270 9.273 
1754.38 9.211 9.205 
1754.29 9.113 9.191 
1754.21 9.063 9.061 
1754.13 9.010 9.074 
1754.04 9.032 9.111 
1753.96 9.108 9.162 
1753.88 9.217 9.222 
1753.79 9.270 9.276 
1753.71 9.289 9.317 
1753.63 9.291 9.348 
1753.54 9.279 9.299 
1753.46 9.238 9.245 
1753.38 9.175 9.192 
1753.29 9.115 9.121 
1753.21 9.041 9.062 
1753.13 9.029 9.005 
1753.04 9.049 9.039 
1752.96 9.103 9.100 
1752.88 9.168 9.179 
1752.79 9.243 9.246 
1752.71 9.299 9.294 
1752.63 9.336 9.351 
1752.54 9.280 9.309 
1752.46 9.240 9.253 
1752.38 9.187 9.205 
1752.29 9.159 9.152 
1752.21 9.132 9.137 
1752.13 9.084 9.089 
1752.04 9.094 9.114 
1751.96 9.121 9.158 
1751.88 9.222 9.208 
1751.79 9.277 9.258 
1751.71 9.317 9.309 
1751.63 9.352 9.353 
1751.54 9.299 9.304 
1751.46 9.248 9.271 
1751.38 9.185 9.211 
Year 92PAA1 92PAA2 
1751.29 9.085 9.162 
1751.21 9.044 9.132 
1751.13 9.024 9.089 
1751.04 9.065 9.141 
1750.96 9.112 9.187 
1750.88 9.176 9.224 
1750.79 9.237 9.257 
1750.71 9.295 9.291 
1750.63 9.348 9.316 
1750.54 9.315 9.294 
1750.46 9.270 9.263 
1750.38 9.205 9.206 
1750.29 9.147 9.160 
1750.21 9.109 9.129 
1750.13 9.058 9.114 
1750.04 9.083 9.122 
1749.96 9.114 9.160 
1749.88 9.171 9.200 
1749.79 9.255 9.236 
1749.71 9.319 9.270 
1749.63 9.374 9.300 
1749.54 9.289 9.269 
1749.46 9.222 9.237 
1749.38 9.181 9.204 
1749.29 9.166 9.173 
1749.21 9.102 9.142 
1749.13 9.074 9.128 
1749.04 9.111 9.143 
1748.96 9.147 9.164 
1748.88 9.184 9.188 
1748.79 9.233 9.220 
1748.71 9.283 9.251 
1748.63 9.328 9.279 
1748.54 9.316 9.258 
1748.46 9.282 9.216 
1748.38 9.233 9.197 
1748.29 9.191 9.152 
1748.21 9.142 9.114 
1748.13 9.091 9.091 
1748.04 9.105 9.101 
1747.96 9.138 9.144 
1747.88 9.200 9.187 
Year 92PAA1 92PAA2 
1747.79 9.263 9.258 
1747.71 9.316 9.335 
1747.63 9.345 9.348 
1747.54 9.284 9.321 
1747.46 9.223 9.207 
1747.38 9.165 9.170 
1747.29 9.112 9.102 
1747.21 9.007 9.029 
1747.13 9.005 8.982 
1747.04 9.034 9.015 
1746.96 9.065 9.075 
1746.88 9.129 9.158 
1746.79 9.192 9.231 
1746.71 9.241 9.271 
1746.63 9.285 9.307 
1746.54 9.244 9.267 
1746.46 9.207 9.227 
1746.38 9.172 9.179 
1746.29 9.141 9.127 
1746.21 9.110 9.086 
1746.13 9.088 9.076 
1746.04 9.113 9.102 
1745.96 9.148 9.141 
1745.88 9.193 9.198 
1745.79 9.252 9.268 
1745.71 9.317 9.297 
1745.63 9.350 9.317 
1745.54 9.279 9.261 
1745.46 9.238 9.201 
1745.38 9.188 9.162 
1745.29 9.148 9.072 
1745.21 9.105 9.018 
1745.13 9.063 9.003 
1745.04 9.090 9.046 
1744.96 9.122 9.113 
1744.88 9.170 9.181 
1744.79 9.235 9.249 
1744.71 9.306 9.293 
1744.63 9.345 9.333 
1744.54 9.304 9.292 
1744.46 9.263 9.236 
1744.38 9.235 9.183 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1744.29 9.133 9.131 
1744.21 9.072 9.056 
1744.13 9.065 9.004 
1744.04 9.105 9.058 
1743.96 9.144 9.115 
1743.88 9.180 9.190 
1743.79 9.227 9.256 
1743.71 9.303 9.307 
1743.63 9.304 9.330 
1743.54 9.275 9.281 
1743.46 9.229 9.219 
1743.38 9.184 9.168 
1743.29 9.179 9.108 
1743.21 9.141 9.031 
1743.13 9.138 9.033 
1743.04 9.130 9.047 
1742.96 9.183 9.118 
1742.88 9.240 9.193 
1742.79 9.297 9.260 
1742.71 9.353 9.311 
1742.63 9.376 9.329 
1742.54 9.348 9.291 
1742.46 9.258 9.226 
1742.38 9.203 9.208 
1742.29 9.151 9.154 
1742.21 9.077 9.073 
1742.13 9.014 8.990 
1742.04 9.040 9.038 
1741.96 9.103 9.131 
1741.88 9.191 9.206 
1741.79 9.243 9.279 
1741.71 9.284 9.308 
1741.63 9.327 9.335 
1741.54 9.278 9.307 
1741.46 9.242 9.237 
1741.38 9.204 9.176 
1741.29 9.167 9.144 
1741.21 9.134 9.112 
1741.13 9.116 9.085 
1741.04 9.143 9.139 
1740.96 9.175 9.144 
1740.88 9.231 9.206 
Year 92PAA1 92PAA2 
1740.79 9.292 9.267 
1740.71 9.357 9.308 
1740.63 9.369 9.343 
1740.54 9.339 9.286 
1740.46 9.296 9.229 
1740.38 9.222 9.176 
1740.29 9.179 9.144 
1740.21 9.144 9.144 
1740.13 9.098 9.098 
1740.04 9.132 9.117 
1739.96 9.167 9.170 
1739.88 9.223 9.225 
1739.79 9.276 9.290 
1739.71 9.329 9.355 
1739.63 9.363 9.399 
1739.54 9.344 9.336 
1739.46 9.287 9.247 
1739.38 9.253 9.176 
1739.29 9.201 9.150 
1739.21 9.123 9.095 
1739.13 9.080 9.046 
1739.04 9.111 9.074 
1738.96 9.168 9.123 
1738.88 9.228 9.175 
1738.79 9.298 9.256 
1738.71 9.346 9.336 
1738.63 9.361 9.379 
1738.54 9.320 9.294 
1738.46 9.288 9.305 
1738.38 9.219 9.237 
1738.29 9.163 9.176 
1738.21 9.151 9.116 
1738.13 9.117 9.108 
1738.04 9.138 9.149 
1737.96 9.164 9.167 
1737.88 9.215 9.223 
1737.79 9.307 9.267 
1737.71 9.345 9.311 
1737.63 9.362 9.349 
1737.54 9.328 9.304 
1737.46 9.282 9.260 
1737.38 9.218 9.216 
Year 92PAA1 92PAA2 
1737.29 9.125 9.169 
1737.21 9.103 9.121 
1737.13 9.077 9.078 
1737.04 9.092 9.130 
1736.96 9.173 9.143 
1736.88 9.237 9.184 
1736.79 9.285 9.226 
1736.71 9.352 9.267 
1736.63 9.372 9.306 
1736.54 9.347 9.299 
1736.46 9.283 9.264 
1736.38 9.198 9.230 
1736.29 9.171 9.151 
1736.21 9.149 9.040 
1736.13 9.101 9.014 
1736.04 9.116 9.058 
1735.96 9.170 9.147 
1735.88 9.233 9.225 
1735.79 9.308 9.278 
1735.71 9.372 9.322 
1735.63 9.409 9.355 
1735.54 9.320 9.306 
1735.46 9.245 9.266 
1735.38 9.184 9.191 
1735.29 9.146 9.117 
1735.21 9.118 9.095 
1735.13 9.108 9.032 
1735.04 9.114 9.062 
1734.96 9.156 9.118 
1734.88 9.182 9.178 
1734.79 9.250 9.238 
1734.71 9.315 9.263 
1734.63 9.313 9.264 
1734.54 9.304 9.258 
1734.46 9.252 9.222 
1734.38 9.190 9.185 
1734.29 9.118 9.134 
1734.21 9.026 9.056 
1734.13 8.944 9.033 
1734.04 9.091 9.063 
1733.96 9.088 9.120 
1733.88 9.161 9.196 
Appendix K (Continued) 
 141 
Year 92PAA1 92PAA2 
1733.79 9.236 9.239 
1733.71 9.292 9.282 
1733.63 9.343 9.321 
1733.54 9.311 9.298 
1733.46 9.240 9.254 
1733.38 9.215 9.195 
1733.29 9.147 9.127 
1733.21 9.110 9.065 
1733.13 9.062 9.017 
1733.04 9.095 9.051 
1732.96 9.158 9.085 
1732.88 9.190 9.130 
1732.79 9.230 9.185 
1732.71 9.257 9.239 
1732.63 9.276 9.282 
1732.54 9.243 9.241 
1732.46 9.209 9.201 
1732.38 9.209 9.162 
1732.29 9.170 9.111 
1732.21 9.101 9.056 
1732.13 9.089 9.020 
1732.04 9.107 9.052 
1731.96 9.167 9.127 
1731.88 9.232 9.199 
1731.79 9.295 9.240 
1731.71 9.337 9.280 
1731.63 9.362 9.316 
1731.54 9.341 9.282 
1731.46 9.282 9.238 
1731.38 9.247 9.171 
1731.29 9.153 9.137 
1731.21 9.069 9.109 
1731.13 9.032 9.066 
1731.04 9.067 9.090 
1730.96 9.117 9.132 
1730.88 9.176 9.188 
1730.79 9.232 9.253 
1730.71 9.265 9.302 
1730.63 9.278 9.334 
1730.54 9.257 9.296 
1730.46 9.231 9.270 
1730.38 9.198 9.230 
Year 92PAA1 92PAA2 
1730.29 9.140 9.153 
1730.21 9.092 9.123 
1730.13 9.062 9.037 
1730.04 9.099 9.078 
1729.96 9.136 9.159 
1729.88 9.179 9.206 
1729.79 9.242 9.291 
1729.71 9.301 9.324 
1729.63 9.301 9.315 
1729.54 9.284 9.316 
1729.46 9.256 9.265 
1729.38 9.220 9.203 
1729.29 9.118 9.162 
1729.21 9.084 9.093 
1729.13 9.078 9.034 
1729.04 9.090 9.077 
1728.96 9.159 9.131 
1728.88 9.197 9.207 
1728.79 9.282 9.267 
1728.71 9.330 9.326 
1728.63 9.353 9.374 
1728.54 9.317 9.347 
1728.46 9.280 9.291 
1728.38  9.189 
1728.29  9.111 
1728.21  9.044 
1728.13  8.972 
1728.04  9.055 
1727.96  9.131 
1727.88  9.194 
1727.79  9.239 
1727.71  9.285 
1727.63  9.325 
1727.54  9.274 
1727.46  9.250 
1727.38  9.191 
1727.29  9.105 
1727.21  9.114 
1727.13  9.011 
1727.04  9.045 
1726.96  9.123 
1726.88  9.188 
Year 92PAA1 92PAA2 
1726.79  9.252 
1726.71  9.280 
1726.63  9.304 
1726.54  9.274 
1726.46  9.243 
1726.38  9.178 
1726.29  9.114 
1726.21  9.057 
1726.13  9.032 
1726.04  9.076 
1725.96  9.159 
1725.88  9.190 
1725.79  9.221 
1725.71  9.250 
1725.63  9.268 
1725.54  9.250 
1725.46  9.229 
1725.38  9.176 
1725.29  9.109 
1725.21  9.073 
1725.13  9.061 
1725.04  9.086 
1724.96  9.135 
1724.88  9.162 
1724.79  9.199 
1724.71  9.236 
1724.63  9.270 
1724.54  9.261 
1724.46  9.239 
1724.38  9.203 
1724.29  9.172 
1724.21  9.151 
1724.13  9.122 
1724.04  9.158 
1723.96  9.194 
1723.88  9.230 
1723.79  9.266 
1723.71  9.299 
1723.63  9.328 
1723.54  9.297 
1723.46  9.229 
1723.38  9.196 
Appendix K (Continued) 
 142 
Year 92PAA1 92PAA2 
1723.29  9.120 
1723.21  9.095 
1723.13  9.052 
1723.04  9.092 
1722.96 9.131 9.140 
1722.88 9.222 9.194 
1722.79 9.261 9.251 
1722.71 9.298 9.301 
1722.63 9.332  
1722.54 9.302  
1722.46 9.248  
1722.38 9.175  
1722.29 9.121  
1722.21 9.077  
1722.13 9.045  
1722.04 9.072  
1721.96 9.124  
1721.88 9.175  
1721.79 9.245  
1721.71 9.304  
1721.63 9.303  
1721.54 9.298  
1721.46 9.243  
1721.38 9.196  
1721.29 9.139  
1721.21 9.096  
1721.13 9.009  
1721.04 9.054  
1720.96 9.113  
1720.88 9.188  
1720.79 9.254  
1720.71 9.285  
1720.63 9.305  
1720.54 9.260  
1720.46 9.234  
1720.38 9.176  
1720.29 9.135  
1720.21 9.085  
1720.13 9.053  
1720.04 9.075  
1719.96 9.140 9.138 
1719.88 9.202 9.197 
Year 92PAA1 92PAA2 
1719.79 9.272 9.256 
1719.71 9.330 9.302 
1719.63 9.339 9.345 
1719.54 9.325 9.316 
1719.46 9.261 9.238 
1719.38 9.197 9.193 
1719.29 9.122 9.108 
1719.21 9.083 9.076 
1719.13 9.010 9.040 
1719.04 9.087 9.103 
1718.96 9.153 9.154 
1718.88 9.205 9.196 
1718.79 9.254 9.268 
1718.71 9.304 9.324 
1718.63 9.351 9.363 
1718.54 9.310 9.327 
1718.46 9.287 9.290 
1718.38 9.204 9.202 
1718.29 9.117 9.155 
1718.21 9.033 9.141 
1718.13 9.014 9.083 
1718.04 9.062 9.102 
1717.96 9.116 9.125 
1717.88 9.211 9.212 
1717.79 9.286 9.296 
1717.71 9.307 9.330 
1717.63 9.310 9.360 
1717.54 9.225 9.323 
1717.46 9.213 9.265 
1717.38 9.159 9.206 
1717.29 9.093 9.125 
1717.21 9.029 9.042 
1717.13 8.987 9.026 
1717.04 9.049 9.050 
1716.96 9.078 9.078 
1716.88 9.179 9.170 
1716.79 9.270 9.259 
1716.71 9.321 9.299 
1716.63 9.325 9.336 
1716.54 9.313 9.311 
1716.46 9.259 9.279 
1716.38 9.175 9.227 
Year 92PAA1 92PAA2 
1716.29 9.090 9.144 
1716.21 9.019 9.080 
1716.13 9.009 8.952 
1716.04 9.033 8.985 
1715.96 9.109 9.081 
1715.88 9.167 9.158 
1715.79 9.239 9.235 
1715.71 9.290 9.285 
1715.63 9.300 9.331 
1715.54 9.255 9.314 
1715.46 9.210 9.259 
1715.38 9.138 9.187 
1715.29 9.049 9.118 
1715.21 8.989 9.059 
1715.13 8.962 9.034 
1715.04 9.045 9.059 
1714.96 9.064 9.143 
1714.88 9.153 9.208 
1714.79 9.230 9.258 
1714.71 9.293 9.301 
1714.63 9.339 9.319 
1714.54 9.286 9.291 
1714.46 9.259 9.234 
1714.38 9.213 9.157 
1714.29 9.149 9.111 
1714.21 9.009 9.076 
1714.13 8.970 9.055 
1714.04 9.027 9.105 
1713.96 9.139 9.132 
1713.88 9.182 9.212 
1713.79 9.240 9.287 
1713.71 9.296 9.355 
1713.63 9.344 9.383 
1713.54 9.272 9.319 
1713.46 9.221 9.283 
1713.38 9.187 9.242 
1713.29 9.146 9.135 
1713.21 9.054 9.086 
1713.13 9.004 9.003 
1713.04 9.043 9.057 
1712.96 9.120 9.153 
1712.88 9.194 9.171 
Appendix K (Continued) 
 143 
Year 92PAA1 92PAA2 
1712.79 9.272 9.265 
1712.71 9.326 9.358 
1712.63 9.334 9.420 
1712.54 9.274 9.347 
1712.46 9.229 9.252 
1712.38 9.162 9.216 
1712.29 9.109 9.167 
1712.21 9.050 9.069 
1712.13 9.064 8.987 
1712.04 9.065 9.044 
1711.96 9.113 9.111 
1711.88 9.194 9.210 
1711.79 9.264 9.296 
1711.71 9.315 9.367 
1711.63 9.363 9.375 
1711.54 9.316 9.319 
1711.46 9.218 9.296 
1711.38 9.164 9.223 
1711.29 9.102 9.175 
1711.21 9.019 9.092 
1711.13 9.005 9.078 
1711.04 9.056 9.110 
1710.96 9.140 9.157 
1710.88 9.216 9.225 
1710.79 9.268 9.292 
1710.71 9.312 9.334 
1710.63 9.351 9.360 
1710.54 9.296 9.304 
1710.46 9.238 9.231 
1710.38 9.178 9.201 
1710.29 9.140 9.161 
1710.21 9.056 9.073 
1710.13 9.009 9.041 
1710.04 9.085 9.065 
1709.96 9.151 9.120 
1709.88 9.208 9.175 
1709.79 9.266 9.228 
1709.71 9.323 9.276 
1709.63 9.321 9.319 
1709.54 9.290 9.277 
1709.46 9.264 9.242 
1709.38 9.230 9.197 
Year 92PAA1 92PAA2 
1709.29 9.190 9.143 
1709.21 9.142 9.109 
1709.13 9.115 9.069 
1709.04 9.160 9.094 
1708.96 9.197 9.143 
1708.88 9.240 9.201 
1708.79 9.282 9.300 
1708.71 9.325 9.325 
1708.63 9.389 9.329 
1708.54 9.324 9.294 
1708.46 9.264 9.241 
1708.38 9.173 9.192 
1708.29 9.131  
1708.21 9.074  
1708.13 9.004  
1708.04 9.053  
1707.96 9.096  
1707.88 9.216  
1707.79 9.270  
1707.71 9.297  
1707.63 9.301  
1707.54 9.287  
1707.46 9.243  
1707.38 9.207  
1707.29 9.180  
1707.21 9.098  
1707.13 9.066  
1707.04 9.094  
1706.96 9.159  
1706.88 9.237  
1706.79 9.286  
1706.71 9.334  
1706.63 9.365  
1706.54 9.324  
1706.46 9.225  
1706.38 9.212  
1706.29 9.141  
1706.21 9.078  
1706.13 9.025  
1706.04 9.089  
1705.96 9.175  
1705.88 9.193  
Year 92PAA1 92PAA2 
1705.79 9.239  
1705.71 9.276  
1705.63 9.304  
1705.54 9.298  
1705.46 9.266  
1705.38 9.226  
1705.29 9.160  
1705.21 9.146  
1705.13 9.133  
1705.04 9.175  
1704.96 9.196  
1704.88 9.230  
1704.79 9.264  
1704.71 9.297  
1704.63 9.343  
1704.54 9.319  
1704.46 9.266  
1704.38 9.212  
1704.29 9.175  
1704.21 9.131  
1704.13 9.087  
1704.04 9.114  
1703.96 9.163  
1703.88 9.220  
1703.79 9.286  
1703.71 9.342  
1703.63 9.384  
1703.54 9.326  
1703.46 9.265  
1703.38 9.203  
1703.29 9.152  
1703.21 9.119  
1703.13 9.101  
1703.04 9.126  
1702.96 9.153  
1702.88 9.216  
1702.79 9.278  
1702.71 9.325  
1702.63 9.367  
1702.54 9.328  
1702.46 9.278  
1702.38 9.221  
Appendix K (Continued) 
 144 
Year 92PAA1 92PAA2 
1702.29 9.140  
1702.21 9.078  
1702.13 9.073  
1702.04 9.107  
1701.96 9.159  
1701.88 9.224  
1701.79 9.292  
1701.71 9.328  
1701.63 9.337  
1701.54 9.302  
1701.46 9.265  
1701.38 9.228  
1701.29 9.140  
1701.21 9.117  
1701.13 9.073  
1701.04 9.108  
1700.96 9.147  
1700.88 9.221  
1700.79 9.293  
1700.71 9.342  
1700.63 9.385  
1700.54 9.350  
1700.46 9.283  
1700.38 9.222  
1700.29 9.154  
1700.21 9.137  
1700.13 9.090  
1700.04 9.108  
1699.96 9.144  
1699.88 9.230  
1699.79 9.303  
1699.71 9.360  
1699.63 9.369  
1699.54 9.281  
1699.46 9.240  
1699.38 9.212  
1699.29 9.105  
1699.21 9.093  
1699.13 8.952  
1699.04 9.001  
1698.96 9.081  
1698.88 9.184  
Year 92PAA1 92PAA2 
1698.79 9.275  
1698.71 9.331  
1698.63 9.356  
1698.54 9.307 9.318 
1698.46 9.258 9.278 
1698.38 9.195 9.183 
1698.29 9.161 9.104 
1698.21 9.094 9.061 
1698.13 9.017 9.027 
1698.04 9.034 9.049 
1697.96 9.151 9.075 
1697.88 9.222 9.147 
1697.79 9.266 9.217 
1697.71 9.298 9.256 
1697.63 9.319 9.294 
1697.54 9.288 9.291 
1697.46 9.245 9.246 
1697.38 9.188 9.172 
1697.29 9.170 9.143 
1697.21 9.104 9.116 
1697.13 9.070 9.092 
1697.04 9.112 9.106 
1696.96 9.114 9.120 
1696.88 9.183 9.161 
1696.79 9.254 9.202 
1696.71 9.326 9.270 
1696.63 9.327 9.330 
1696.54 9.286 9.281 
1696.46 9.240 9.224 
1696.38 9.204 9.166 
1696.29 9.155 9.108 
1696.21 9.110 9.065 
1696.13 9.072 9.028 
1696.04 9.090 9.061 
1695.96 9.125 9.100 
1695.88 9.194 9.160 
1695.79 9.289 9.221 
1695.71 9.322 9.281 
1695.63 9.323 9.288 
1695.54 9.262 9.252 
1695.46 9.210 9.197 
1695.38 9.170 9.128 
Year 92PAA1 92PAA2 
1695.29 9.087 9.075 
1695.21 9.034 9.036 
1695.13 9.057 9.011 
1695.04 9.050 9.047 
1694.96 9.076 9.094 
1694.88 9.215 9.151 
1694.79 9.273 9.215 
1694.71 9.317 9.279 
1694.63 9.335 9.339 
1694.54 9.271 9.325 
1694.46 9.232 9.233 
1694.38 9.171 9.162 
1694.29 9.084 9.116 
1694.21 9.087 9.104 
1694.13 9.026 9.041 
1694.04 9.047 9.057 
1693.96 9.111 9.089 
1693.88 9.202 9.132 
1693.79 9.205 9.182 
1693.71 9.258 9.232 
1693.63 9.307 9.278 
1693.54 9.271 9.254 
1693.46 9.235 9.214 
1693.38 9.226 9.167 
1693.29 9.118 9.068 
1693.21 9.031 9.053 
1693.13 9.023 8.994 
1693.04 9.025 9.031 
1692.96 9.105 9.103 
1692.88 9.181 9.154 
1692.79 9.249 9.204 
1692.71 9.301 9.254 
1692.63 9.328 9.301 
1692.54 9.295 9.290 
1692.46 9.224 9.203 
1692.38 9.167 9.145 
1692.29 9.108 9.095 
1692.21 9.041 9.056 
1692.13 8.970 9.013 
1692.04 9.015 9.059 
1691.96 9.108 9.106 
1691.88 9.168 9.153 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1691.79 9.240 9.199 
1691.71 9.288 9.260 
1691.63 9.315 9.316 
1691.54 9.267 9.288 
1691.46 9.196 9.211 
1691.38 9.181 9.154 
1691.29 9.112 9.043 
1691.21 9.043 9.039 
1691.13 8.954 8.932 
1691.04 9.003 8.967 
1690.96 9.068 9.045 
1690.88 9.135 9.124 
1690.79 9.228 9.202 
1690.71 9.305 9.278 
1690.63 9.334 9.302 
1690.54 9.300 9.265 
1690.46 9.231 9.196 
1690.38 9.173 9.144 
1690.29 9.135 9.083 
1690.21 9.059 9.030 
1690.13 8.988 8.982 
1690.04 9.019 9.031 
1689.96 9.084 9.082 
1689.88 9.174 9.144 
1689.79 9.243 9.204 
1689.71 9.310 9.231 
1689.63 9.355 9.255 
1689.54 9.303 9.231 
1689.46 9.251 9.207 
1689.38 9.183 9.152 
1689.29 9.108 9.097 
1689.21 9.080 9.113 
1689.13 9.043 9.064 
1689.04 9.052 9.074 
1688.96 9.132 9.108 
1688.88 9.202 9.146 
1688.79 9.264 9.210 
1688.71 9.321 9.267 
1688.63 9.358 9.312 
1688.54 9.288 9.251 
1688.46 9.257 9.190 
1688.38 9.205 9.139 
Year 92PAA1 92PAA2 
1688.29 9.149 9.133 
1688.21 9.079 9.105 
1688.13 9.005 9.081 
1688.04 9.048 9.101 
1687.96 9.110 9.134 
1687.88 9.185 9.183 
1687.79 9.273 9.241 
1687.71 9.324 9.298 
1687.63 9.371 9.329 
1687.54 9.349 9.266 
1687.46 9.280 9.213 
1687.38 9.205 9.166 
1687.29 9.119 9.122 
1687.21 9.058 9.041 
1687.13 9.028 9.023 
1687.04 9.075 9.084 
1686.96 9.124 9.077 
1686.88 9.175 9.150 
1686.79 9.262 9.224 
1686.71 9.315 9.280 
1686.63 9.340 9.329 
1686.54 9.329 9.265 
1686.46 9.253 9.181 
1686.38 9.175 9.155 
1686.29 9.151 9.105 
1686.21 9.071 9.049 
1686.13 9.008 8.990 
1686.04 9.088 9.023 
1685.96 9.120 9.067 
1685.88 9.184 9.145 
1685.79 9.266 9.197 
1685.71 9.303 9.242 
1685.63 9.313 9.296 
1685.54 9.270 9.251 
1685.46 9.245 9.210 
1685.38 9.188 9.186 
1685.29 9.116 9.111 
1685.21 9.008 9.100 
1685.13 8.971 9.064 
1685.04 8.995 9.069 
1684.96 9.075 9.163 
1684.88 9.177 9.220 
Year 92PAA1 92PAA2 
1684.79 9.255 9.277 
1684.71 9.302 9.333 
1684.63 9.298 9.377 
1684.54 9.291 9.348 
1684.46 9.239 9.252 
1684.38 9.201 9.223 
1684.29 9.104 9.173 
1684.21 9.087 9.107 
1684.13 9.062 9.077 
1684.04  9.131 
1683.96  9.191 
1683.88  9.261 
1683.79  9.324 
1683.71  9.385 
1683.63  9.415 
1683.54  9.313 
1683.46  9.273 
1683.38  9.267 
1683.29  9.145 
1683.21  9.121 
1683.13  9.052 
1683.04  9.068 
1682.96  9.162 
1682.88  9.254 
1682.79  9.295 
1682.71  9.334 
1682.63  9.366 
1682.54  9.305 
1682.46  9.253 
1682.38  9.201 
1682.29  9.175 
1682.21  9.115 
1682.13  9.058 
1682.04  9.065 
1681.96  9.123 
1681.88  9.192 
1681.79  9.260 
1681.71  9.328 
1681.63  9.367 
1681.54  9.326 
1681.46  9.281 
1681.38  9.277 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1681.29  9.173 
1681.21  9.096 
1681.13  9.075 
1681.04  9.101 
1680.96  9.128 
1680.88  9.194 
1680.79  9.260 
1680.71  9.326 
1680.63  9.364 
1680.54  9.336 
1680.46  9.301 
1680.38  9.248 
1680.29  9.169 
1680.21  9.149 
1680.13  9.110 
1680.04  9.117 
1679.96  9.151 
1679.88  9.206 
1679.79  9.264 
1679.71  9.319 
1679.63 9.357 9.368 
1679.54 9.325 9.328 
1679.46 9.295 9.266 
1679.38 9.220 9.190 
1679.29 9.211 9.157 
1679.21 9.128 9.118 
1679.13 9.106 9.045 
1679.04 9.153 9.074 
1678.96 9.159 9.142 
1678.88 9.216 9.207 
1678.79 9.288 9.268 
1678.71 9.333 9.325 
1678.63 9.353 9.360 
1678.54 9.292 9.325 
1678.46 9.232 9.254 
1678.38 9.172 9.199 
1678.29 9.124 9.153 
1678.21 9.076 9.078 
1678.13 9.035 9.048 
1678.04 9.100 9.097 
1677.96 9.145 9.147 
1677.88 9.173 9.197 
Year 92PAA1 92PAA2 
1677.79 9.231 9.261 
1677.71 9.284 9.306 
1677.63 9.285 9.332 
1677.54 9.273 9.316 
1677.46 9.236 9.286 
1677.38 9.182 9.217 
1677.29 9.150 9.156 
1677.21 9.085 9.123 
1677.13 9.050 9.054 
1677.04 9.076 9.099 
1676.96 9.134 9.157 
1676.88 9.192 9.209 
1676.79 9.231 9.244 
1676.71 9.284 9.266 
1676.63 9.334 9.282 
1676.54 9.311 9.263 
1676.46 9.255 9.245 
1676.38 9.167 9.190 
1676.29 9.102 9.135 
1676.21 9.079 9.120 
1676.13 9.051 9.056 
1676.04 9.082 9.098 
1675.96 9.131 9.158 
1675.88 9.192 9.207 
1675.79 9.252 9.239 
1675.71 9.294 9.265 
1675.63 9.330 9.286 
1675.54 9.264 9.248 
1675.46 9.214 9.207 
1675.38 9.155 9.166 
1675.29 9.106 9.139 
1675.21 9.062 9.073 
1675.13 8.986 9.026 
1675.04 9.022 9.061 
1674.96 9.091 9.132 
1674.88 9.175 9.178 
1674.79 9.250 9.224 
1674.71 9.289 9.270 
1674.63 9.299 9.273 
1674.54 9.277 9.229 
1674.46 9.202 9.188 
1674.38 9.153 9.118 
Year 92PAA1 92PAA2 
1674.29 9.065 9.073 
1674.21 8.992 9.060 
1674.13 8.930 9.014 
1674.04 8.966 9.070 
1673.96 9.059 9.127 
1673.88 9.150 9.170 
1673.79 9.237 9.212 
1673.71 9.269 9.243 
1673.63 9.284 9.271 
1673.54 9.282 9.264 
1673.46 9.245 9.226 
1673.38 9.162 9.178 
1673.29 9.100 9.139 
1673.21 9.037 9.075 
1673.13 8.984 9.052 
1673.04 9.041 9.071 
1672.96 9.116 9.136 
1672.88 9.193 9.210 
1672.79 9.251 9.237 
1672.71 9.281 9.297 
1672.63 9.302 9.316 
1672.54 9.292 9.284 
1672.46 9.236 9.239 
1672.38 9.152 9.183 
1672.29 9.118 9.143 
1672.21 9.049 9.061 
1672.13 8.978 8.981 
1672.04 9.003 9.028 
1671.96 9.076 9.115 
1671.88 9.160 9.183 
1671.79 9.244 9.244 
1671.71 9.316 9.285 
1671.63 9.349 9.307 
1671.54 9.260 9.284 
1671.46 9.216 9.244 
1671.38 9.173 9.180 
1671.29 9.130 9.092 
1671.21 9.102 9.049 
1671.13 9.093 9.020 
1671.04 9.108 9.086 
1670.96 9.149 9.131 
1670.88 9.190 9.216 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1670.79 9.231 9.255 
1670.71 9.269 9.276 
1670.63 9.330 9.294 
1670.54 9.286 9.255 
1670.46 9.208 9.216 
1670.38 9.163 9.189 
1670.29 9.095 9.167 
1670.21 9.074 9.103 
1670.13 9.009 9.074 
1670.04 9.024 9.121 
1669.96 9.087 9.174 
1669.88 9.150 9.232 
1669.79 9.213 9.281 
1669.71 9.296 9.321 
1669.63 9.341 9.354 
1669.54 9.286 9.320 
1669.46 9.227 9.229 
1669.38 9.181 9.161 
1669.29 9.109 9.131 
1669.21 9.057 9.090 
1669.13 9.050 9.061 
1669.04 9.053 9.070 
1668.96 9.109 9.116 
1668.88 9.187 9.168 
1668.79 9.226 9.222 
1668.71 9.273 9.276 
1668.63 9.320 9.327 
1668.54 9.260 9.311 
1668.46 9.230 9.202 
1668.38 9.173 9.157 
1668.29 9.121 9.136 
1668.21 9.069 9.038 
1668.13 9.032 9.012 
1668.04 9.050 9.035 
1667.96 9.093 9.103 
1667.88 9.153 9.172 
1667.79 9.196 9.229 
1667.71 9.328 9.274 
1667.63 9.353 9.315 
1667.54 9.295 9.292 
1667.46 9.231 9.254 
1667.38 9.178 9.203 
Year 92PAA1 92PAA2 
1667.29 9.119 9.137 
1667.21 9.069 9.105 
1667.13 9.038 9.103 
1667.04 9.077 9.129 
1666.96 9.115 9.156 
1666.88 9.170 9.184 
1666.79 9.259 9.232 
1666.71 9.329 9.281 
1666.63 9.381 9.323 
1666.54  9.279 
1666.46  9.229 
1666.38  9.200 
1666.29  9.123 
1666.21  9.068 
1666.13  9.023 
1666.04  9.097 
1665.96  9.104 
1665.88  9.166 
1665.79  9.228 
1665.71  9.290 
1665.63  9.347 
1665.54  9.324 
1665.46  9.247 
1665.38  9.181 
1665.29  9.130 
1665.21  9.092 
1665.13  9.074 
1665.04  9.086 
1664.96  9.131 
1664.88  9.190 
1664.79  9.254 
1664.71  9.317 
1664.63  9.375 
1664.54  9.342 
1664.46  9.244 
1664.38  9.176 
1664.29  9.087 
1664.21  9.021 
1664.13  9.014 
1664.04  9.081 
1663.96  9.122 
1663.88  9.209 
Year 92PAA1 92PAA2 
1663.79  9.248 
1663.71  9.286 
1663.63  9.320 
1663.54  9.279 
1663.46  9.234 
1663.38  9.136 
1663.29  9.111 
1663.21  9.073 
1663.13  9.044 
1663.04  9.073 
1662.96  9.121 
1662.88  9.170 
1662.79  9.201 
1662.71  9.246 
1662.63  9.286 
1662.54  9.248 
1662.46  9.201 
1662.38  9.144 
1662.29  9.065 
1662.21  9.075 
1662.13  8.987 
1662.04  9.046 
1661.96  9.104 
1661.88  9.159 
1661.79  9.214 
1661.71  9.269 
1661.63  9.317 
1661.54  9.286 
1661.46  9.243 
1661.38  9.200 
1661.29  9.157 
1661.21  9.106 
1661.13  9.087 
1661.04  9.125 
1660.96  9.162 
1660.88  9.200 
1660.79  9.243 
1660.71  9.287 
1660.63  9.326 
1660.54  9.297 
1660.46  9.231 
1660.38  9.187 
Appendix K (Continued) 
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Year 92PAA1 92PAA2 
1660.29  9.129 
1660.21  9.083 
1660.13  9.071 
1660.04  9.083 
1659.96  9.100 
1659.88  9.181 
1659.79  9.261 
1659.71  9.321 
1659.63  9.374 
1659.54  9.322 
1659.46  9.270 
1659.38  9.201 
1659.29  9.131 
1659.21  9.047 
1659.13  9.000 
1659.04  9.035 
1658.96  9.088 
1658.88  9.168 
1658.79  9.227 
1658.71  9.265 
1658.63  9.299 
1658.54  9.284 
1658.46  9.243 
1658.38  9.192 
1658.29  9.131 
1658.21  9.065 
1658.13  9.060 
1658.04  9.089 
1657.96  9.139 
1657.88  9.189 
1657.79  9.232 
1657.71  9.270 
1657.63  9.306 
1657.54  9.287 
1657.46  9.243 
1657.38  9.160 
1657.29  9.115 
1657.21  9.053 
1657.13  9.019 
1657.04  9.065 
1656.96  9.112 
1656.88  9.155 
Year 92PAA1 92PAA2 
1656.79  9.197 
1656.71  9.239 
1656.63  9.277 
1656.54  9.247 
1656.46  9.218 
1656.38  9.204 
1656.29  9.149 
1656.21  9.082 
1656.13  9.029 
1656.04  9.060 
1655.96  9.097 
1655.88  9.167 
1655.79  9.237 
1655.71  9.305 
1655.63  9.340 
1655.54  9.309 
1655.46  9.256 
1655.38  9.185 
1655.29  9.125 
1655.21  9.091 
1655.13  9.079 
1655.04  9.100 
1654.96  9.135 
1654.88  9.183 
1654.79  9.271 
1654.71  9.326 
1654.63  9.352 
1654.54  9.313 
1654.46  9.274 
1654.38  9.230 
1654.29  9.134 
1654.21  9.056 
1654.13  9.028 
1654.04  9.079 
1653.96  9.134 
1653.88  9.191 
1653.79  9.249 
1653.71  9.299 
1653.63  9.313 
1653.54  9.305 
1653.46  9.267 
1653.38  9.206 
Year 92PAA1 92PAA2 
1653.29  9.152 
1653.21  9.091 
1653.13  9.027 
1653.04  9.076 
1652.96  9.124 
1652.88  9.177 
1652.79  9.231 
1652.71  9.284 
1652.63  9.329 
1652.54  9.275 
1652.46  9.220 
1652.38  9.166 
1652.29  9.111 
1652.21  9.075 
1652.13  9.003 
1652.04  9.062 
1651.96  9.122 
1651.88  9.208 
1651.79  9.290 
1651.71  9.320 
1651.63  9.345 
1651.54  9.286 
1651.46  9.227 
1651.38  9.167 
1651.29  9.137 
1651.21  9.094 
1651.13  9.056 
1651.04  9.087 
1650.96  9.112 
1650.88  9.172 
1650.79  9.255 
1650.71  9.268 
1650.63  9.278 
1650.54  9.259 
1650.46  9.245 
1650.38  9.179 
1650.29  9.150 
1650.21  9.095 
1650.13  9.067 
1650.04  9.073 
1649.96  9.125 
1649.88  9.183 
Appendix K  (Continued) 
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Year 92PAA1 92PAA2 
1649.79  9.268 
1649.71  9.316 
1649.63  9.381 
1649.54  9.343 
1649.46  9.277 
1649.38  9.194 
1649.29  9.107 
1649.21  9.031 
1649.13  8.963 
1649.04  8.976 
1648.96  9.031 
1648.88  9.168 
1648.79  9.274 
1648.71  9.333 
1648.63  9.350 
1648.54  9.322 
1648.46  9.240 
1648.38  9.179 
1648.29  9.149 
1648.21  9.073 
1648.13  9.018 
1648.04  9.068 
1647.96  9.078 
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